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The Effects of Subsurface Drainage on Productivity of Western 
Larch and Nutrient Content of Andic Soils in Northwestern 
Montana (229 pp.) 
Low nutrient content and productivity were observed in andic 
soils of northwestern Montana. The objective of this research 
was to determine whether variation in subsurface drainage rate 
significantly affected (1) the nutrient content of the andic 
soils, or (2) the timber productivity of andic soils. 
Twenty sample sites supporting stands of western larch (Larix 
occidentalis Nutt.) were selected on the Kootenai National Forest. 
Grouping of sites was based upon subsoil percolation rates and 
Forest Service land type classification. Soil nutrient 
concentrations and availabilities, tree growth indicators, 
xylem sap nutrient contents, and tree moisture stresses were 
utilized as indicators of soil fertility and productivity. 
The results of this study indicated support of the hypothesis 
that the rate of subsoil drainage affected the overall fertility 
of andic soils. Tree growth and site productivity were affected 
by the subsoil drainage rate as it related to moisture 
availability. 
Director: Dr. N. Stark 
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INTRODUCTION 
Andic soils in northwestern Montana have developed from 
volcanic ash deposited following the eruption of Mount Mazama 
(site of present day Crater Lake, Oregon) about 6,600 years ago 
(Allison 1966, Kittleman 1973). Other ash falls following the 
eruptions of Glacier Peak about 11,250 years ago (Mehringer et al. 
1977) and the intermittent eruptions of Mt. St. Helens beginning 
35,000 years ago (Crandell and Mullineau 1973) contributed minim­
ally to ash in these soils. The quantity of tephra deposited in 
Montana from these sources is small by comparison to that from 
Mt. Mazama, and has contributed less to andic soil development. 
Soils developing from volcanic ash material exhibit a 
high cation exchange capacity and water holding capability 
(Fosberg et al. 1979, U.S.D.A. Forest Service 1972, Will and 
Stone 1967). Inherent fertility and greater than average forest 
productivity are expected on soils exhibiting these characteristics. 
Poor forest growth on andic soils in areas of northwestern Montana 
receiving greater than 76 cm of annual precipitation is inconsistent 
with management expectations. When affected acreages are large, 
the poor growth becomes cause for concern. 
1 
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The St. Regis Paper Company operation in Libby, Montana, 
controls hundreds of acres of land in the Lake Creek drainage which 
exhibit poor timber growth on ash influenced soils. Studies 
completed in this valley (Stark 1977, Stark and Spitzner 1980) 
have exposed apparent multiple nutrient deficiencies in the andic 
material on several sites. The occurrence of these deficiencies 
appears to coincide with the presence of excessively well drained 
subsoils. Andic soils overlying more slowly drained lacustrine 
sediments tend to exhibit higher fertility and productivity than 
expected. 
Moisture stress measurements were made on several sample 
trees (Tsuga hetevophylla (Raf.) Sarg.) growing on nutrient 
deficient andic soils in the Stanley Bottoms area north of Bull 
Lake (Stark and Spitzner 1980). Levels of stress were much higher 
for these trees than for western hemlocks growing on a moister site 
nearby. 
The nutrient deficiencies and moisture stress encountered 
gave rise to the supposition that the forest productivity of andic 
soils might be related to the drainage characteristics of the 
subsoils. 
Because many areas of federally managed land in northwestern 
Montana exhibit low productivity on andic soils, the United States 
Forest Service became interested in exploring this hypothesis 
further. The Kootenai National Forest, headquartered in Libby, 
Montana, obtained funding to examine the relationships among 
3 
drainage, productivity, and nutrient status of sites having soils 
derived from volcanic ash. 
RESEARCH OBJECTIVES 
The objective of this research was to examine two 
hypotheses concerning soils having volcanic ash layers in the 
Libby area of northwestern Montana. The first hypothesis supposed 
that the fertility of soils having volcanic ash caps, as measured 
by the levels of available soil nutrients, is affected significantly 
by the rate of percolation of water through the subsoil. 
The second hypothesis presumed that the rate of water 
percolation through the subsoil significantly affects timber 
productivity on sites having andic soil layers, either as a result 
of lowered nutrient fertility or through moisture status of the 
soil. The indicators of timber productivity used were the thick­
ness of sapwood (Lassen and Okkonen 1969, Smith et al. 1966), the 
ratio of basal area to sapwood area (Waring et al. 1980, 
Grier and Waring 1974), and site index (Carmean 1975). The 
timber species chosen for study was western larch (Larix 
occidentalis Nutt.). 
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LITERATURE REVIEW 
Soil Site Studies 
This review does not attempt to include every study devoted 
to soil-site relationships. , Through the years Gaines (1948), 
Coile (1952), Carmean (1975), and several other authors have done 
this. What is presented here is an overview of the work that has 
been completed. 
Very little information is available in the literature 
concerning the nutrient relations and productivity of andic soils, 
either pertaining to the northwestern United States or to the 
western larch (Lavix oooidentalis Nutt.) species. 
f 
Studies investigating subsoil percolation and its effect 
on the fertility and productivity of volcanic ash soils are lacking 
in the literature. Site factor - tree growth relationship studies 
on various timber species and in various parts of the country have 
examined the effects of drainage, elemental content, and other 
factors on the productivity of numerous sites. The results of 
these investigations give an indication of the effects to be 
expected from the interactions of percolation, nutrient content, 
and other related soil factors on timber productivity. The pre­
ponderance of the soil-site studies express site productivity 
5 
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in terms of site index. In some cases, however, other methods 
of expression for growth or productivity correlate more signific­
antly with soil factors. 
Voigt (1958) has attributed the failure of many soil-site 
studies to show relationships between soil chemical properties 
and site productivity to the similar levels of fertility often 
encountered on many sites. If levels of fertility are adequate to 
support good growth, other factors must necessarily become the 
determinants for growth limits. Voigt also concludes that in soils, 
the same factors that tend to regulate the availability of nutrients 
are often the same factors which govern the availability of water. 
Growth responses which appear to be the result of a moisture or 
nutrient limitation may actually be attributed to a combination 
of masked conditions affecting moisture or nutrient status. 
White (1958) contended that the key factor in forest site 
productivity evaluation is soil moisture. He further stated that 
most site classification schemes were simply schemes to indirect­
ly characterize the soil moisture regime. 
According to Coile (1952) the quality of a site as a timber 
producer was largely determined by the characteristics of that site 
which influence the amount and quality of the space available to 
roots for growth. The site features which he considered to be most 
important to site productivity as they affected root growth were: 
(a) depth of surface soil, depth to the least permeable horizon, or 
7 
depth to mottling; (b) total depth of soil as a measure of growing 
space; (c) physical nature of the subsoil, least permeable layer, 
or substratum as it influences water movement, water availability, 
aeration, and root growth; (d) physical properties of the surface 
soil as they influence infiltration and water storage; (e) organic 
matter content as it influences moisture status, porosity, and 
aeration; and (f) chemical characteristics as they affect nutrient 
supply. 
Lutz and Chandler (1946) and Nikiforoff (1949) concurred 
that in a single climatic environment, the soil parent material 
was the most important factor determining variation in site 
productivity. Hough (1943) determined that soils derived from 
shale were more productive than those developed from conglomerates 
or sandstone on the northern Allegheny Plateau in Virginia. Vlamis 
et al. (1959), working in California, found that soils developed 
from conglomerates composed of shale and sandstone supported better 
growth of ponderosa pine (Pinus ponderosa Laws.) than did soils from 
volcanic ash. Granitic soils were the least productive of the 
three examined. 
Shrivastava and Ulrich (1978), working on stands of 
Norway spruce (Picea abies Karst.) in the Hesse Province of the 
Federal Republic of Germany, determined that available water supply 
accounted for 57% of the variation in timber growth among sites. 
Nutrient status and the presence of humus accounted for an additional 
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15% of the variation, with topography (4.5%), rainfall during the 
growth period (4.2%), and soil aeration (2.3%) also contributing 
significantly. 
Page (1976) found that soil moisture regime, expressed in 
terms of sand, silt, and clay contents, depth of humus accumulation, 
organic matter content of the soil profile, percent moisture 
retention, and other variables, was the most important site 
characteristic in determining projected site index for stands of 
black spruce {Pioea mariana (Mill.)sp.B. ) and balsam fir (Abies 
balsamea (L.) Mill.) in Newfoundland. Qualitative factors such 
as soiltype, profile drainage, and bite drainage were strongly 
correlated with one another and with site index. Well drained 
sites and free or moderately drained profiles supported the best 
forest growth in these timber types. 
Lowry (1972), in a study of black spruce in the Atlantic 
and Continental regions of eastern Canada, concurred as to the 
importance of soil moisture to site productivity, and determined 
that soil nutrient content was also well correlated to site index. 
Free drainage of site was as important in these regions as it was 
in Newfoundland (Page 1976). 
The greatest number of soil-site quality studies in the 
United States has been centered in the areas of the country where 
timber management has been the most intense. To date, that in­
tensity has been concentrated in the south and southeast, the 
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northeast, and the north central regions of the country. The 
past ten to twenty years have brought an increase in management 
intensity in the southwest and northwest regions, and an 
accompanying increase in concern for relating soil and site 
factors to timber productivity on a site. 
Coile (1948), working in the lower piedmont area of North 
Carolina, linked the site index of loblolly (Pinus taeda L.) and 
shortleaf (P. eohinata Mill.) pines to the thickness of the A 
horizon, the ratio of silt-plus-clay to the moisture equivalent 
of the B horizon, and the imbibitional water value of the B 
horizon or subsoil. Site index for these species in southern 
Arkansas and northern Louisiana was similarly determined by 
Zahner (1958) to be highly correlated to site factors which 
contributed to the regulation of soil moisture and aeration. 
The net primary productivity (kg/tree per year of growth) 
of loblolly and slash pine plantations on the coastal plain of 
North Carolina was examined by Nemeth and Davey (1974). Physical 
characteristics of the soils of all sites sampled were comparable 
and, predictably, were not significantly related to variation in 
tree growth. Chemical differences among the plantation soils 
were correlated with variation in productivity. In the loblolly 
plantations the exchange acidity, cation exchange capacity, pH, 
and exchangeable magnesium and potassium contents were significantly 
interrelated and linked to site productivity. In the slash 
plantations only the cation exchange capacity correlated with 
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productivity among sites. 
Using the field, laboratory, and analytical techniques 
developed by Coile (1948) in North Carolina, Young (1954) correlated 
site index of white pine (Pinus strobus L.) in Maine to two moisture 
availability controlling factors: percent stones in the B horizon 
and thickness of the A horizon. His results were the opposite 
of those obtained by Coile (1948) in that, as the thickness of 
the A horizon and the percentage of stones in the B horizon 
increased, site index decreased. Young could not explain the 
difference in results from the data on hand, but hypothesized 
that it was caused by the overall decrease in soil moisture 
holding capacity with the increase in stoniness. 
Later work by Stratton and Struchtemeyer (1968) in white 
pine linked site index decreases to increased stoniness in the C 
horizon. Significant increases in site index accompanied an 
increase in thickness, soil moisture availability, and stoniness 
in the surface horizon. Decreases in site index were related to 
higher pH levels in the surface mineral horizons. 
Husch and Lyford (1956) examined the average height of 
dominant and codominant white pines in southeastern New Hampshire. 
The soils of the sample sites represented the whole range of soil 
conditions to be found throughout the white pine region of New 
England. The primary source of variation in average height 
growth appeared to be soil drainage. For the seven drainage 
classes included in the sampling, the average tree height in­
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creased one foot (30.5 cm) with each change in soil drainage from 
excessively drained to poorly drained. In addition, the diameter 
of measured trees increased approximately 0.013 inches (0.33 cm) 
with each 1 foot (30.5 cm) height increase due to a change in 
drainage class. 
A white pine study by Mader (1976) in Massachusetts 
indicated better correlation between site productivity and soil 
factors using periodic cubic volume growth rather than site index 
as a measure of productive capacity. Volume growth was enhanced 
by increases in silt and clay in the A horizon, and reduced by 
like increases in the B horizons. This was apparently associated 
with better moisture and nutrient availability in the former, and 
reduced aeration and root growth in the latter. Higher pH 
levels in the B or C horizons resulted in increased tree growth. 
In a study evaluating foliar nutrient concentrations in 
balsam fir, Czapowskyj (1979) noted that soil drainage affected 
the uptake of nitrogen, potassium, and manganese. Lower concentra­
tions of all three elements were present in the foliage of trees 
grown on poorly drained sites. This relationship held on soils 
developed in both glacial till and marine sediments. 
Stout (1952) conducted a study of the species distribution 
of eastern hardwoods as related to the texture of subsoils 
derived from glacial till. Well-drained upland hardwood sites, 
underlain by compact glacial till containing large amounts of fine 
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sands and silt, support the growth of mixed hardwood species 
characteristic of moister sites. Sites underlain by coarse, loose, 
glacial till were found to support growth of only the more xerophytic 
species. The differences in species composition appeared related 
to the ability of the glacial till material to support a perched 
water table through part of the growing season. 
Mader and Owen (1961) conducted a soil-site study on red 
pine (Pinus resinosa Ait.) plantations in Massachusetts in which 
the five-year cubic foot volume expressed the site productivity 
better than height increase over ten years, height at age 25, or 
volume per acre at age 25. Nitrogen and organic matter content 
of the soil and drainage class were found to be highly significant 
in accounting for variation in the volume growth rate. 
Mean growth rate and site index of red pine growing in 
plantations in Michigan were examined by van Eck and Whiteside 
(1963) for relationships to different soil series. Much of the 
variation in site index and mean growth rate within any one soil 
series was explained by small variations in the physical make-up 
of the surface horizons, quality of planting stock, and allowable 
series' ranges in soil properties. Variations within soil series 
were best correlated to factors affecting soil moisture supply and 
limiting the effective depth of the soil. 
In Minnesota red pine stands Alban (1974) identified soil 
moisture availability as important in determining site index not 
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only in terms of water supply for growth, but also as it affects 
the rate of nitrogen mineralization. Soils having the better 
moisture availability exhibited the highest nitrogen availability 
in areas where nitrogen was a major limiting factor for tree 
growth. Growth limitations induced by nutrient deficiencies were 
found to be more common than previously supposed. Nitrogen was the 
nutrient most closely related to site index, with phosphorus 
gaining importance on sites containing adquate nitrogen. 
White and Wood (1958) examined two red pine stands which 
exhibited marked growth differences. Chemical and physical 
properties of the solum to a depth of six feet were comparable in 
both cases. Potassium in the soil of both stands was low. The 
soil supporting good growth of red pine was underlain by a deep, 
silty, fine sand layer which apparently provided additional water 
and potassium. Height growth of the good stand was 60% greater 
than that of the poor stand. 
In red pine plantations in Wisconsin Wilde (1965) determined 
that the nutrient content of soils could be of decisive importance, 
and that dependence solely on physical and morphological soil 
factors to explain forest growth variation could be deceptive. His 
study results indicated that a 50% decrease in the supply of 
organic matter, phosphorus, and potassium in an acid sandy soil 
will lower the site index of a thirty-year-old plantation from 67 
to 55, with a corresponding reduction in total timber yield of 
40%. 
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Attempting to establish a correlation between growth of 
mixed oak stands and various soil factors in southwestern Wisconsin, 
Youngberg and Scholz (1949) sampled a number of different soil 
types. The rate of forest growth was conspicuously correlated with 
the content of the total replaceable bases, apparently reflecting 
the relative abundance or deficiency of soil nutrients. On deeply 
weathered soils a close correlation was also observed between 
the contents of organic matter and the base exchange capacity. 
Pawluk and Arneman (1961) noted rapid site index increase 
with an increased water holding capacity of the soil in stands of 
jack pine (Pinus bcmksiana Lamb.). The relationship held true up 
to a certain level of water holding capacity, after which no further 
increase in site index was apparent. The upper threshold varied with 
site. Soil fertility was also linked to site index in these stands. 
Levels of the exchangeable metallic ions, calcium, magnesium, and 
potassium, and the total cation exchange capacity of the solum 
correlated significantly with site index. 
Hannah and Zahner (1970), working with jack pine and bigtooth 
asp»n (Populus gvandidentata Michx.) in Minnesota, found that 
coarse textured soils, having lenses of fine textured materials 
within one meter of the surface, produced site indices significantly 
higher than soils without the lenses, or with lenses at-depths 
greater than two meters. The lenses appeared to serve as deposit­
ories of additional moisture and nutrients, important for good 
15 
growth on these coarse soils. 
In mature quaking aspen (Populus tremuloides Michx.) 
stands Fralish and Loucks (1975) could account for 62% of the site 
index variation by examining soil texture, available water holding 
capacity, water table depth, and stand exposure. Magnesium content 
of the solum to a depth of 60 inches (152.4 cm) also correlated 
to site index. 
Gilmore (1976) noted a significant relationship between 
the chemical composition of the soil and tree diameter and height 
growth in stands of cottonwood (Populus deltoides Bart.) in 
southern Illinois. Nitrogen and calcium were the nutrients best 
correlated with diameter growth, each accounting for approximately 
33% of the variation. Only nitrogen content of the soil was 
related significantly to tree height growth, explaining 37% 
of the sample variation. Gilmore concluded that the effect of 
calcium on tree growth was likely the result of its ability to raise 
soil pH on sites where its concentration was highest. The rise 
in pH created a more favorable environment for soil microorganisms. 
Auten (1945) was unable to correlate site index of yellow 
poplar (Liviodendron tulipifeva L.) to soil pH or levels of calcium, 
magnesium, phosphate, or potassium. His work determined that the 
depth to tight subsoil was the most important soil factor in 
explaining growth differences. The thickness of the upper organic-
enriched mineral horizon in undisturbed stands was also significant 
in the soil-site relationship, but only when depth to tight sub­
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soil was included as a factor. 
Williams et al. (1963) examined the soil factors influencing 
the growth and productive capacity of sites supporting ponderosa 
pine in the Zuni Mountains of New Mexico. Factors significantly 
correlated with site index were fertility, water holding capacity, 
permeability of the A horizon, and depth of the permeable soil. 
In stands of Engelmann spruce (Pioea engelmannii Parry) on 
granitic soils in northern Colorado and southern Wyoming, Sprackling 
(1973) determined soil depth to the top of the C horizon to be the 
most important factor in predicting site index, accounting for 52% 
of the total variation among sites. The real value of soil depth 
as an indicator of soil productivity was considered to be its 
function as an integrator of the climatic factors affecting height 
growth; i.e. precipitation and temperature. 
In a study of Douglas-fir (Pseudotsuga menziesii (Mirb.) 
Franco) soil fertility, Tarrant (1949) concluded that soil nutrient 
levels in western Washington were too high to be limiting factors 
for tree growth. 
Hill et al. (1948) noted that Douglas-fir growing on sites 
in western Washington seemed to be limited in growth by the 
moisture relationships of the soil. For stands growing on the 
same soil type, a higher site index correlated with increased 
precipitation. 
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Gessel (1949) concurred with the findings of Hill et al. 
(1948). He stated that site index for Douglas-fir in northwestern 
Washington increased with change in soil texture from coarse to 
light to medium. He also found that medium textured soils did not 
differ significantly in site productivity, even when soils having 
different profiles were examined. The overall depth of the soil 
was an important factor in tree growth for sites underlain by a 
hardpan or bedrock. 
In a study on Douglas-fir growth and site index in south­
western Washington, Carmean (1954) reported site quality decreases 
with increased elevation and with increased gravel content or 
compaction above the substratum. He suggested that the decrease 
in productivity with elevation may come about as a result of temper­
ature induced delay in the onset of growth until the period of 
decreased summer precipitation. Again, increases in effective soil 
depth resulted in increased site index. 
Forristall and Gessel (1955) examined stands containing 
Douglas-fir, western redcedar (Thuja pliaata Donn), and western 
hemlock (Tsuga heterophylla (Raf.) Sarg.) in western Washington. 
Depth to a hardpan layer appeared to be the most important factor 
limiting tree growth. The high bulk density associated with the 
hard pan limited root growth and determined the effective soil depth. 
The more productive sites had a higher concentration of total nitro­
gen and a higher cation exchange capacity. 
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Schlots et al. (1956) concurred that for Douglas-fir in 
western Washington the depth of soil to a claypan, fragipan, or 
hardpan was closely related to site quality. They further noted that 
strong profile development or degree of horizonation resulted in 
progressively lower timber site productivity. On soils exhibiting 
similar profile development, stand growth was comparable, regard­
less of parent material. 
Tarrant (1950) studying soil-site relationships in Douglas-
fir stands in Oregon could not explain site quality differences on 
the basis of soil factors. He did note that topography was signif­
icantly related to productivity. Concave topography consistently 
produced better timber growth in each soil type examined and in 
the study as a whole as compared to convex topography. 
Studying Douglas-fir in the Willamette Basin of Oregon, 
Lemmon (1955) concluded that, as in Washington, the productive 
capacity of a soil was determined primarily by the effective soil 
depth. 
Grand fir (Abies gvandis (Dougl.) Lindl.) productivity in 
northern Idaho was found to be related strongly to topography and 
the depth, texture, and color of volcanic ash soils overying buried 
soils of the Belt Series (Wall and Loewenstein 1969). Calcium and 
potassium contents also appeared significantly related to produc­
tivity, but the authors cautioned against excessive dependence upon 
them in predicting site quality. The quantity of these elements 
necessary for good tree growth in grand fir stands is still undeter­
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mined. 
Regression equations were developed by McGrath and Loewenstein 
(1975) on the University of Idaho experimental forest for use with 
Douglas-fir, western larch [Larix oooidentalis Nutt.), and grand 
fir. Dependable results were obtained using elevation, effective 
rooting depth, wet consistence of the second horizon, and texture 
of the third horizon to predict growth of Douglas-fir. The pH 
of the fourth horizon and the depth of the 02 horizon produced 
acceptable prediction of site index for western larch. For grand 
fir the organic matter and nitrogen percentages and the dry color 
of the surface horizon, together with the magnesium content 
(milliequivalents/100 grams) of the second horizon, gave the 
best results. 
Cox et at. (1960) noted a significant correlation between 
tree growth in ponderosa pine stands and the effective depth of the 
soil for root development in work done in Montana, west of the 
Continental Divide. Effective depth of soil was limited consistent­
ly by four factors: (a) depth to gravel or loose sand, (b) depth 
to a slowly permeable layer, (c) depth to bedrock, and (d) depth 
to 1ime. 
Work in the Clark Fork River Valley between Thompson Falls, 
Montana, and the Idaho border by Carlson and Nimlos (1966) 
examined stands of western larch, ponderosa pine, Douglas-fir, and 
lodgepole pine (Pinus oontorta Dougl.) in relation to soil series 
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designations. Significance levels were highest for western larch 
and ponderosa pine, but for all four species site indices were 
among the highest in Montana. Site indices were also significantly 
different within all species groups over the range of soil series. 
The conclusion was drawn that soil series could be used to 
determine or predict site index for the four species studied within 
the study area. 
Embry (1960) sampled soils from 45 sites in western larch 
stands throughout northwestern Montana in an effort to establish 
soil-site quality relationships. Of the soil factors measured, 
only effective soil depth proved significant in predicting height 
growth for the stands examined. 
In a soil-site study of western larch on soils of the 
Waits series in the Swan Valley of western Montana, Pearcy (1965) 
noted that none of the soil or physiographic factors examined were 
significant in the determination of site index on the sample sites. 
He concluded that the variation in these factors within the study 
area was too limited to relate significantly to variation in 
height growth of western larch. 
Sapwood and Productivity 
The use of sapwood production in coniferous species of the 
western United States as a measure of site quality is a technique 
which, though recognized as practical for over two decades, has 
been little utilized in the field. Researchers have begun using 
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the measure of sapwood width alone or the sapwood-area/basal-area 
ratio as a means of evaluating the productivity of a soil or site 
for various timber species. 
Wellwood (1955) determined that the thickest sapwood in 
Douglas-fir was associated with the most vigorously growing trees. 
Wellwood and Jurazs (1968) and Smith et at. (1966), working in 
stands of western redcedar and Douglas-fir, respectively, concurred 
that thickness of sapwood and relative tree vigor vary directly. 
They also concluded that sapwood thickness generally increases with 
tree diameter, rate of growth, bark thickness, and relative crown 
size. Wellwood and Jurazs (1968) further determined that no 
significant difference was observable between sapwood thickness 
determined by a single radial measure (as obtained by increment 
coring), and the thickness measurement resulting from the averaging 
of four quadrant radial measurements. 
Lassen and Okkonen (1969) noted that Douglas-fir on 
Washington's west coast have wider sapwood than comparable sized 
trees further inland. The fact that trees on the west coast 
reached given diameters at a younger age than those growing inland 
supported the conclusion that sapwood width could give reliable 
indication of tree vigor and site productivity. Average sapwood 
width in western larch was found to vary little in trees having 
diameters of 5 to 22 inches (12.7-56 cm) inside bark ait breast 
height (4.5 feet, 1.37 m). 
22 
In an effort to find a simple method of determining foliage 
mass for individual trees of large size or great age, Grier and 
Waring (1974) compared sapwood area and diameter at breast height 
to foliage mass for individual Douglas-fir, ponderosa pine, and 
noble fir (Abies pvocera Rehd.) trees. Linear relationships were 
established and sapwood area appeared the better estimate of 
foliage mass. A similar relationship (Ovington et at. 1968) 
was shown to exist between foliage mass and bole cross-sectional 
area in young Monterey pine {Finns radiata D. Don). Cross-section­
al area in Monterey pine is comparable to sapwood area plus bark, 
as its heartwood begins to form only after nineteen to twenty years 
(Nicholls and Dadswell 1965). 
Snell and Brown (1978) examined both the sapwood area and 
diameter at breast height relationships to foliage and branchwood 
biomass for Douglas-fir, western white pine (Pinus montioola 
Dougl.), western redcedar, grand fir, subalpine fir (Abies 
lasioearpa (Hook.) Nutt.), and western larch. Results of the 
investigations indicated that for Douglas-fir and western white 
pine the estimates of biomass provided by sapwood area were 
significantly better than those obtained using diameter. 
Variation between the estimates produced by the two methods for 
western redcedar, grand fir, subalpine fir, and western larch was 
not significant. Brown (1978) determined that the small amount of 
improvement in estimation of branchwood biomass using sapwood area 
as opposed to diameter at breast height did not justify the extra 
work necessary to obtain the additinal measurements. 
METHODS 
Study Area 
The original intent of this study was to continue the 
examination of soils having andic layers in the Lake Creek Valley. 
Lake Creek rises in Bull Lake, nineteen kilometers south of Troy, 
MT, and empties into the Kootenai River to the east of town. 
The difficulty involved in locating sample sites in this area 
which could be meaningfully related to areas of concern on the 
Kootenai National Forest resulted in a change of location for 
this research. 
Consultation with staff members of the Kootenai National 
Forest Supervisor's Office in Libby determined that the headwaters 
area of Seventeen Mile Creek would be more representative of the 
forest as a whole. The study was relocated to this area, 
approximately twenty-five kilometers to the NNW of Libby. The 
proposed hypotheses were formulated for the Lake Creek Valley soils 
in which the volcanic ash horizons appear to have been reworked 
by water movement. Notice was taken at the time of study area 
relocation that the changes in andic soil characteristics 
associated with the change in location might produce results 
inconsistent with those from soils in the Lake Creek Valley. 
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Drainage 
Brady (1974) defines soil drainage as being a condition 
which refers to the frequency and duration of periods that the soil 
is free of saturation. In well-drained soils the water is removed 
readily but not rapidly, while removal is so complete in excessively 
drained soils that plants may suffer from lack of water. Brady 
considers percolation to be the downward movement of water through 
the soil, especially at or near a saturated condition. 
In this research, reference is often made to soil drainage 
rate. As used here it is intended to be synonymous with percola­
tion in connoting the rate of water movement through the soil. 
Three basic soil drainage rate classifications for the 
study were designated: slow, moderate, and rapid. During the 
site selection process these categories connoted relative drainage 
characteristics as opposed to denoting measured drainage rates. 
Relocation of the study area and difficulty in locating 
acceptable sites delayed the sampling work. Percolation and 
infiltration measurements to ascertain actual drainage rates at 
each sample site were delayed until the data collection process 
began. 
Sample Sites 
Selection of sample sites was based primarily on three 
land type classes of the U.S. Forest Service Land Type System 
(Appendix 1). Land type designations in the 300 series (Continental 
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Glaciation) predominate in the area selected for study. The land 
types in this series resulted from the advance and retreat (and 
associated scouring and filling) of lobes of the Cordilleran ice 
sheet (Johns 1970). 
The land type system is based on several soil and topographic 
features other than drainage, but relative drainage characteristics 
are associated with each type designation. Consultation with 
Forest Service personnel resulted in the selection of land types 
351, 352, and 355 as best approximating slow, moderate and rapid 
soil drainage rates, respectively. 
The 351 type is characterized by deep glacial till overlain 
by a volcanic ash (loess) deposit. A compacted condition immediately 
below the loess-till interface restricts drainage. Land type 
352 also consists of deep glacial till overlain by a volcanic 
ash deposit, but no significant compaction is noticeable. Neither 
of these two land types is subject to bedrock control. The type 
designation 355 represents moderately shallow glacial till 
deposits with a volcanic ash cap. Bedrock control is readily evid­
ent. On some of the sites selected, the shallow till was not 
present and the loess was interfaced with fractured bedrock. 
The volcanic ash soils on the sample sites were assumed 
to have been formed in similar deposits of tephra from the eruptions 
of Mount Mazama. The small study area and comparable site 
characteristics support this assumption. 
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The bedrock in the study area is part of the Wallace 
Formation and consists primarily of calcareous or dolomitic 
argil!ite and shale (Johns 1970). 
Criteria used in selecting sample sites were elevation, 
aspect, slope, precipitation, depth of andic material, habitat 
type and stocking. A summary of the criteria data for the sites 
selected is in Appendix 2. The presence of one species of commer­
cial importance in sufficient abundance to allow productivity 
sampling was required. Age and size uniformity of the individual 
trees of this species were desired. 
An elevation of 1,311 m + 122 m was chosen as acceptable. 
Variation in aspect from NE to NW, slope from 30% to 50%, and 
precipitation from 86-118 cm was allowable. Depth of the andic soil 
was restricted to 17-35 cm. The habitat types desired, which 
varied little on sites meeting the other criteria, were Hemlock-
Clintonia (TSHE/CLUN) or Western Redcedar-Clintonia (THPL/CLUN) 
(Pfister et at. 1977). Comparable stocking of the overstory trees 
was necessary, although no particular level of stocking was 
specified. Western larch (Larix oocidentalis Nutt.) was the 
species chosen for productivity sampling. Approximately even-aged 
stands of second growth established after the fires of 1910 were 
considered usable. 
Twenty sites were located which satisfied the selection 
criteria. The study area and site locations are marked on the maps 
in Figures 1 and 2. Descriptions of site locations are included 
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Figure 1. Location of study area in relation to Libby, Montana. 
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in Appendix 3. 
Samp]ing 
One soil pit was dug on each selected site. A soil profile 
description was completed for each pit, and a sample from each 
horizon was taken for chemical analysis (Soil Survey Staff 1975). 
Profile descriptions are included in Appendix 4. Rooting depth 
in the profile was noted, but no quantitative or taxonomic data 
were taken. Coarse fragment (>2mm) percentage of soil volume was 
visually estimated for each horizon. Samples for bulk density 
determination were taken immediately above and below the andic-
subsoil interface. 
Three sample points for infiltration and percolation rate 
determination were established at each site. Infiltration tests 
were made on the mineral soil surface using a double ring 
infiltrometer. The rings were pushed into the soil to a depth of 
at least 2.54 cm and water poured into both to a depth of 5.1 cm. 
The time for 2.54 cm of water to infiltrate the soil was recorded. 
Presoaking of the sites was not done because of time limitations. 
Holes were dug at each of these sample points to expose the 
surface of the subsoil. The quantity and size of coarse fragments 
in the subsoil of these sites made the use of a steel ring for 
percolation tests impractical. Percolation tests were conducted 
by excavating a 5.1 cm diameter hole in the surface to a depth of 
5.1 cm. This hole was presoaked for one hour, after which a 
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determination of the time required for 2.54 cm of water to percolate 
into the soil was made. Exact dimensions of the holes were hard 
to duplicate owing to the excessive number of coarse fragments 
present. The results of these tests can be used for comparative 
purposes in this study, but should not be extrapolated for use in 
other areas. Data from the percolation tests indicated some 
overlap in calculated drainage rate using the original land type 
classification grouping. 
On the basis of land type classification, four sites were 
considered to have slow, eight to have moderate, and eight to have 
rapid subsurface drainage rates. Data from the percolation tests 
indicated some overlap in calculated drainage rate using the 
original land type classification grouping. 
Table 1 contains the land type and percolation rate 
associated with each sample site. Heterogeneity of percolation 
rates among the sites in the same land type indicated a need for 
regrouping of the sites by drainage before statistical testing. 
One method of site grouping by drainage characteristics 
(Table 1, Drainage Rate Grouping A) was based on permeability 
class designations (U.S.D.A. Soil Conservation Service 1974). 
Very slow to moderate classes (less than 5.1 cm/hour) were desig­
nated slow drainage, the moderately rapid class (5.1-15.2 cm/hour) 
was designated moderate, and the rapid and very rapid classes 
(greater than 15.2 cm/hour) were considered rapid. The sorting of 
sites by this method resulted in more uniform sample sizes than 
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Table 1. Grouping of sample sites on the basis 
of land type designation and subsoil 
drainage rate. 
DRAINAGE RATE GROUPINGS 
A. Percolation 
Rates 
Sample 
Site 
Land 
Type 
Measured 
Percolation 
Rate 
(cm/hr) 
0
-5
.1
 
cm
/h
r 
CM 
LD 
r-H 
• -C 
• B 
LD O >
1
5
.2
 
cm
/h
r 
0
-2
.5
4
 
cm
/h
r 
2
.5
4
-2
5
.4
 
cm
/h
r 
< 
>
2
5
.4
 
cm
/h
r 
S-1 351 1.68 X X 
S-2 351 1.80 X X 
S-3 351 2.26 X X 
S-4 351 2.51 X X 
M-1 352 3.2 X X 
M-2 352 13.2 X X 
M-3 352 7.6 X X 
M-4 352 6.9 X X 
M-5 352 6.4 X X 
M-6 352 5.6 X X 
M-7 352 5.1 X X 
M-8 352 7.9 1 x X 
F-1 355 16.3 X X 
F-2 355 9.4 X X 
F-3 355 24.9 X X 
F-4 355 152 X X 
F-5 355 127 X X 
F-6 355 180 X X 
F-7 355 17.3 X X 
F-8 355 152 X X 
B. Assigned 
Rates
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the land type grouping. Mixing of the glacial till subsoil types, 
and the respective physical characteristics associated with each, 
also occurred. Timber productivity has been shown to be related 
to soil physical characteristics (Copeland 1958, Cox et al. 1956, 
Carlson 1964, Coile 1948, Schlots et al. 1956). For this reason 
the^sites were further regrouped by a drainage system that more 
closely approximated sorting by physical characteristics of the 
subsoil. 
The second system of drainage grouping was based upon 
arbitrarily assigned drainage rates (Table 1, Drainage Rate 
Grouping B). Slow drainage was designated to be less than 2.54 
cm/hour; moderate drainage, 2.54-25.4 cm/hour; and rapid, greater 
than 25.4 cm/hour. Although not a recognized system of drainage 
classification, this grouping of the sites corresponded closely 
to the natural breaks observed in drainage rate. 
Seven western larch trees in the immediate vicinity of the 
soil pit were selected as site trees for productivity determination. 
Comparable diameter at breast height (d.b.h.), age, height, and 
dominance class were the criteria used in selecting site trees. 
Breast height is considered to be at 1.37 m. 
Height for each tree was determined using a clinometer. 
Diameter (d.b.h. from ground level on the uphill side of the tree) 
was measured using a steel diameter tape. An increment core was 
taken on the uphill side of each tree at a height of 1.37 m. 
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Age at d.b.h., thickness of sapwood, number of growth rings in the 
sapwood, and the number of growth rings in the inner and outer 
2.54 cm of each core were determined and recorded. Dominance class 
for each tree was assigned by position in the canopy. Site tree 
data is included in Appendix 5. 
Age at ground level (Appendix 5) was determined from an 
increment core taken at ground level from one site tree at each 
site. A correction factor was determined which converted the age 
at breast height to age at ground level. 
Stocking was estimated by counting the number of trees 
(d.b.h. greater than 10.16 cm) in a 9.14 m square and converting 
to stems/hectare. The soil pit was used as the center of the 
square. Figures for stocking (Appendix 6) derived in this manner 
are for use only as comparisons in this study and should not be 
extrapolated to other areas. 
Dwarf mistletoe (Aroeuthobiwn spp.) has been shown to 
have a significant effect on the growth rate of western larch 
trees in western Montana (Pierce 1960). Graham (1959), in a survey 
of the Kootenai National Forest, found varying levels of infection 
throughout the forest. Care was taken in this study to select 
site trees exhibiting no obvious visible evidence of dwarf mistletoe 
infection. 
Moisture stress measurements were planned for mid-August 
when stress differences would be pronounced. Tests were conducted 
using a pressure bomb (Ritchie and Hinckley 1975) on western larch 
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in the late evening. At least seven tests per site were to be 
completed within a three-to-five-day period. Rain, beginning on 
the second day of testing, changed the moisture status of the soil 
and relieved the stress on the trees. Sampling was halted at 
this time. A total of 102 moisture stress tests, rather than the 
projected minimum of 140, were completed. Data from the moisture 
stress tests is included in Appendix 7. 
Soil moisture samples were to be taken at each site for 
comparison between the stress in the western larch and the moisture 
status of the soils. The rain made the soil moisture sampling 
meaningless at the time of moisture stress tests, and later 
sampling would have been inapplicable. 
A pressure bomb was kept in Libby on the chance that the 
sites would begin to dry again and further moisture stress 
measurements could be made. Precipitation continued intermittently 
until the end of the field season, making further testing futile. 
Xylem sap samples were taken on several sites during the 
early morning hours. Because trees are under least moisture stress 
just before dawn (Ritchie and Hinckley 1975, Running 1980), sap was 
easiest to collect at this time. One milliliter samples were 
collected utilizing a pressure bomb. Nitrogen gas was used to 
pressurize the bomb (maximum 1.02 x 10 g/cm ) and force xylem sap 
from the cut ends of the branches. Tygon tubing placed over the 
cut end of the branch collected the exuded sap. The sample was 
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measured by piercing the tubing with a clean hypodermic needle 
and drawing one milliliter of the sap into a syringe. 
Sample Hand!ing 
Soil samples for chemical analysis were placed in plastic-
lined cardboard specimen containers and stored in a cool environ­
ment. Soil moisture and bulk density samples were stored in 
airtight metal containers and kept cool. 
Increment cores were placed in plastic soda straws and 
processed as soon as possible. 
Xylem sap samples were brought to 25 ml using 0.12 mN 
hydrochloric acid (HC1), and kept on ice until transported to 
the laboratory. The samples were kept refrigerated until analyzed. 
Laboratory Analysis 
Measurement for pH was made immediately after sampling. 
Soil-distilled water saturated paste was measured on a HACH 
digital pH meter (Model 18800-10). 
Soil bulk densities were determined by the saran-clod 
method (Black 1965, American Association of State Highway and 
Transportation Officials 1978) as adapted by the Kootenai 
National Forest. Moisture content of the samples was determined 
gravimetrically. Correction for moisture and coarse fragment 
(>2mm) content was made. Soil bulk densities for the sample sites 
are included in Appendix 8. 
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Representative samples of the upper two subsoil horizons 
were selected from nine sample sites. Particle size distribu­
tion was determined by the hydrometer method (Black 1965). Results 
of the analyses are presented in Appendix 9. 
Nitrate measurements were made on a soil-distilled water 
saturated paste upon return to the laboratory. A nitrate electrode 
on an Orion Specific Ion Analyzer was used. The storage time 
involved before these measurements were made ranged from 3-6 
weeks. Nitrate content determined for these samples is suspect 
as changes in concentration of nitrate occur over time and with 
air drying of the soil (Black 1965). 
After measurement for nitrate, all soil samples were oven 
dried for 24 hours at 70°C. Samples were then passed through a 
#10 (2 mm) sieve and analyzed chemically. 
Extractable ion concentrations (IN NH^0Ac) of calcium, 
copper, iron, potassium, magnesium, manganese, sodium, and zinc 
were determined by atomic absorption spectrophotometry using the 
Techtron AA-5 (Techtron 1974). Total nitrogen was determined by 
the modified microkjedahl procedure (Black 1965) on a Kjeltec 
_3 System I, and extractable P0^ by IN NH^F extraction and color-
imetry (Black 1965). 
Original soil chemical analysis and nitrate data are 
included in Appendix 10. 
The HC1 - xylem sap solution was analyzed directly by atomic 
absorption spectrophotometry (Techtron 1974) for calcium, copper, 
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iron, potassium, magnesium, manganese, sodium, and zinc. Total 
nitrogen was determined for the solution using a modified 
microKjeldahl procedure (Black 1965) on a Kjeltec System I, and 
-3 PO^ by colorimetry (Black 1965). Xylem sap analysis data are 
included in Appendix 11. 
Statistical Analysis 
Student's t-tests were performed on soil and sample tree 
data obtained by laboratory analysis and field measurement. 
Testing was designed to detect only significant d i f f e rences  occur­
ring between means associated with the drainage classes or land 
type classes within a specific drainage or land type classifica­
tion grouping (Table 1). Although statistical testing was conducted 
within the three classification groupings, no attempt was made to 
compare data statistically among the groupings. Site F-4 was 
omitted from the statistical analyses, because the ash soil 
interfaced with bedrock on the site. No subsoil layer was 
available for sampling. 
Sample means were determined for the mean concentrations 
(micrograms per gram) or total availabilities (milliequivalents or 
kilograms per unit area) of the andic and subsoil layers of the 
soil profiles. The summation technique was used to facilitate the 
t-test comparisons among layers (Brown and Loewenstein 1978). 
Reference to the term, layer, includes all the soil horizons 
comprising that layer in the solum. For example, an andic layer 
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may consist of A2, B21, and B22 horizons. An expression of the 
availability of a soil nutrient for a specific site is understood 
to represent the quantity available in a soil volume having a 
surface area of one square meter or one hectare, and a thickness 
corresponding to the total thickness of the andic or subsoil 
layer of the soil profile at that site. 
Analysis of the soil nutrient data involved comparisons 
of means among the andic and subsoil layers of the various drainage 
and land type classes within each classification system. 
Comparisons were also made between the andic and subsoil layers 
within each class. 
The comparison of soil nutrient concentrations was based 
on the microgram per gram (yg/g) composition of the eight individual 
cations, the sum of the eight cations, and phosphate. Nitrate 
concentrations in milligrams per liter (ppm) were also compared. 
Expression of nutrient content in terms of concentration provides 
a knowledge of the amount of a given soil nutrient to be expected 
per unit mass of soil and in relation to the other nutrients 
present. 
Soil nutrient content, expressed in terms of quantity 
available per unit area of each individual cation, the sum of the 
eight cations, phosphate , and total nitrogen were compared. 
Available quantity was expressed in two ways. First, the milli-
equivalent (meq) per square meter (per thickness of the respective 
40 
andic or subsoil layer) quantities were compared. Bulk density 
determinations for the andic and subsurface horizons at the 
interface in each soil profile were extrapolated to all horizons 
in each respective layer. No correction was made for coarse 
fragment volume of the various horizons. This method of express­
ing nutrient availability gives an indication of the quantity of 
each nutrient present in a volume of soil composed solely of 
material less than 2 mm in size. These quantities can be compared 
directly to the nutrient availabilities in other soils. Cal­
culations involved in the meq determinations are illustrated in 
Appendix 12. 
The second expression of nutrient availability was as 
kilograms per hectare (per thickness of the respective andic or 
subsoil layer). Bulk densities of the horizons at the andic-sub-
soil interface were extrapolated to the other horizons of their 
layers. Soil layer volumes were corrected for the percentage of 
coarse fragments (>2mm) present. The expression of nutrient content 
in this manner allows comparison of the actual field availabilities 
of the eight individual cations, the sum of the eight cations, 
phosphate, and total nitrogen to field availabilities of nutrients 
in other soils. 
Means for the number of growth rings in the innermost and 
outermost 2.54 cm of growth at d.b.h. for the sample trees were 
compared for drainage classes and land type. The sapwood area/ 
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basal area ratio and site index^ were calculated for each sample 
tree. 
Means for the ratios and site indices in each drainage and 
land type category were compared within classification systems. 
Calculations used for the determination of sapwood area/basal 
area ratio are included in Appendix 12. Data for the sample 
trees are in Appendix 5. 
Xylem extract and moisture stress data were grouped 
by drainage classifications and land type designation. The sample 
means for ion content in the xylem extract (milligrams per liter) 
and the pressure required to extract xylem sap from a branch 
(megaPascals) were compared on the basis of drainage and land type 
class within classification systems. 
Site index curves for western larch were obtained from the 
Forest Science Laboratory, ll.S.D.A. Forest Service, Missoula, 
Mont. Curves were developed from unpublished research data 
using a 50-year base (Appendix 8). 
RESULTS AND DISCUSSION 
Establishment of drainage class was initially done on the 
basis of the U.S. Forest Serive land typing system. The assumption 
was that soils mapped as meeting the criteria for the same land 
type designation would exhibit approximately the same subsurface 
drainage characteristics. Percolation testing at the time of 
sampling at each site proved this expectation erroneous in some 
cases. For this reason the sites were regrouped on the basis of 
the percolation tests. The original land type distribution, the 
percolation distribution, and the criteria used for drainage 
grouping are displayed in Table 1. 
The results of soil nutrient comparisons for the three 
classifications of sample sites by drainage and land type are 
presented in Tables 2 through 13. Comparison results for the 
productivity and growth data appear in Tables 14 through 17. 
The three sets of comparisons that were made on the data were 
performed to assure that signficant differences would not be 
attributed to drainage if they were better explained by factors 
more closely related to land type. 
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Soil Analysis „ 
The volcanic ash soil on site F-4 interfaced with bedrock 
of the Wallace formation directly, with pockets of mixed B3 
material located in fractured areas of the bedrock. Because the 
site contained almost no developed subsoil, it was excluded from 
the t-test comparisons for soil nutrient content and concentration 
in all grouping schemes. 
Surface A2 horizons have developed in some of the volcanic 
ash soils sampled, primarily in those of the 352 and 355 land types. 
An A2 horizon is noted in the profile description of the S-2 site 
on land type 351, but it was too poorly developed to permit the 
collection of acceptably representative samples. 
The lack of A2 horizon development in the andic soils 
overlying slowly drained subsoils (the compacted till of land 
type 351) and its presence to varying extent on soils subject 
to more rapid subsurface drainage (the deep loose till of the 352 
type or the shallow till and bedrock of the 355 class) appeared 
to indicate that differential leaching rates were occurring in the 
ash soils in relation to subsoil drainage. The lack of A2 devel­
opment suggested less ion transport as a result of the slower 
drainage. 
Although the profiles of some soils sampled did not include 
visibly developed A2 horizons in the volcanic ash layers, the 
original soil nutrient data (Appendix 10) indicated that some 
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chemical depletion had occurred in the surface horizons of these 
profiles. The development process had not yet progressed to the 
point at which a visible A2 horizon was present. Significantly 
different leaching rates would not be expected in ash soils receiving 
approximately the same amounts of precipitation. 
Some concern was expressed as to whether the leached 
condition of the volcanic ash A2 horizons might alter otherwise 
significant relationships within the ash soil. Separate t-test 
analyses were performed excluding A2 horizon data. The results 
were so nearly identical to those of andic soil analyses in 
which the A2 data were included that no further effort was made 
to compensate for the presence of the A2 horizons. The apparent 
lack of effect of the A2 horizon component on the nutrient 
comparisons for the andic soil indicated failure of the leached 
nutrients to move beyond the volcanic ash layer. 
The amount of leaching which had occurred on the sites 
was a result of the movement of water through the andic layer and 
into the subsoil. Relatively low precipitation rates, the high 
water holding capacity inherent in andic soils, and the short time 
since deposition of the ash material may have combined to prevent 
the development of more prominent A2 horizonation. 
An additional factor which must be considered is that the 
bulk of the annual precipitation on all sites in the study area is 
received in the form of snow. The large amount of moisture necess­
ary to leach nutrients from the andic layer of the soil into the 
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subsoil may only be present for a short time with spring snow melt. 
A single rapid flush resulting from the melting of the snow cover 
may be insufficient to completely remove a significant amount of 
nutrients from an ash layer of the thickness sampled. 
The strongly acid nature of the soil horizons (Appendix 
10) may also be limiting cation movement through the soil. Acid 
conditions tend to restrict respiration and nitrification as well as 
other processes responsible for production of various anions. 
The presence of anions in the soil solution is the major factor 
determining the quantity and rate of cation transport with water 
movement in the soil (McColl and Cole 1968). 
The site distribution for the drainage classification and 
land type groupings is presented in Table 1. 
Particle size analysis of the subsoils on several sites 
(Appendix 9) indicated that, although physically different in 
drainage rates and thickness, the soil contained similar percent­
ages of sand, silt, and clay. Sand percentages (20-30%) were 
somewhat lower, and those of clay (25-37%) somewhat higher on 
slowly drained sites than on moderately or rapidly drained sites 
(25-48% for sand, 13-21% for clay). Variation in the sand and 
clay percentages was judged too small to indicate the presence of 
appreciably different parent materials in the subsoil. 
Comparisons of the soil nutrient data means, with the 
exception of those relating to the nitrate, total nitrogen, and 
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total cation components, were based upon ion concentrations or 
availabilities (Appendix 14). Ion concentrations were expressed 
in micrograms per gram of soil (<2mm size fraction). Ion 
availabilities were expressed, in either mil 1iequivalents per 
square meter (ignoring coarse fragment content) or kilograms per 
hectare (correcting for coarse fragment content), for the entire 
andic or subsoil layer concerned. The nitrate component of the 
soil was reported as parts per million for inclusion in the nutrient 
concentration data (Appendix 14). For inclusion in the availability 
per square meter data (Appendix 14) the measured nitrate parts 
per million were weighted by the relative horizon thicknesses 
in each soil layer. Nitrate availability was not calculated for 
inclusion in the availability per hectare data. The total nitrogen 
component of the soil was included only with the availability per 
hectare data (Appendix 14) and reported as kilograms per hectare. 
The sum of (total) cations component was expressed only in 
milliequivalents per square meter for inclusion with the availa­
bility per square meter data (Appendix 14). 
Potassium occurs in both available and complexed forms in 
the soil. Levels of total potassium in the soil were not indicated 
by the IN NH^OAc extraction. Only the potassium assumed to be 
readily available to plants can be measured by this extraction 
process. The available (extractable) potassium levels were those 
compared and discussed for the various groupings of sample sites. 
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The means and standard deviations of the soil nutrient 
concentrations and availabilities appear in Appendix 15. 
Drainage classification A (Slow, 0-5.1 cm/hr; Moderate, 5.1-15.2 
cm/hr; Rapid, 15.2 cm/hr) 
Nutrient Concentration (Micrograms/gram). Table 2 presents 
the results of t-test comparisons among means of the soil nutrient 
concentrations. 
Four significant differences were noted among the andic 
layers (Table 2). Both slowly and moderately drained soils had 
higher concentrations of sodium and lower concentrations of iron 
than soils on rapidly drained sites. The sodium differences 
suggested less leaching of the ash layer in the soils having 
slow or moderate drainage, which agreed with the lack of a visual 
A2. 
Subsoil variation was more common (Table 2). Slowly 
drained soils contained greater concentrations of magnesium and 
manganese than those with moderate drainage. Concentrations of 
copper, manganese, sodium, and zinc were greater on slowly drained 
than on moderately drained sites. Comparison of moderately and 
rapidly drained soils revealed significantly higher levels of 
copper, sodium, and zinc on the soils having moderate drainage. 
The numerous significant differences among the nutrient 
concentrations in the subsoils of the sample sites, as compared to 
the lack of differences in the volcanic ash layers, indicated 
support for the hypothesis concerning fertility of soils having a 
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Table 2. Results of soil nutrient concentration (micrograms/gram) comparisons 
for Kootenai National Forest sample sites grouped by drainage 
classif ication A (Student's t-test). 
Micrograms/Gram PPM 
Comparison Ca Cu Fe K Mg Km Na Zn PO^ NO^ 
Andic 
Slow to Moderate 
Slow to Rapid R S 
Moderate to Rapid R M 
Subsoil 
Slow to Moderate S S 
Slow to Rapid S S S S 
Moderate to Rapid M MM 
Drainage C1  ~ss 
Slow 
Andic to Subsoil SAASAA A A  
Moderate 
Andic to Subsoil S A A A 
Rapid 
Andic to Subsoil A A S A A A 
S, M, R, or A in the table indicates the drainage class or soil layer 
having a signif icantly higher content. 
( .05) 
Drainage Class Limits 
Slow 0-5.1 cm/hour n=6 
Moderate 5.1 - 15.2 cm/hour n=7 
Rapid >15.2 cm/hour n=6 
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volcanic ash layer. The lack of differences in the nutrient levels 
of the andic soils suggested comparable nutrient availability 
and leaching rates among the drainage classes. Differences in 
sodium concentrations suggested that the slowly and moderately 
drained soils might be leaching somewhat more slowly than those 
having rapidly drained subsoils, but the concentrations of less 
soluble nutrients exhibited no supporting evidence. 
The differences among nutrient concentrations in the subsoil 
were more conclusive. Concentrations were seen to vary among 
drainage classes with no evidence of corresponding illuviation from 
the andic soil layer. The variation noted might be the result of 
the physical variation in parent material of the subsoil or of 
differential leaching of the subsoil materials with changes in 
drainage rate. 
Parent material of the subsoil was glacial till remaining 
from the last period of continental glaciation (Johns 1970). 
Inherent variability is expected in soils derived from glacial till, 
but grouping of sites by drainage class, and comparing only the 
means of the nutrient concentrations should have served to mask 
minor heterogeneity within drainage classes. The physical aspects 
of the parent material also had effects on the nutrient concentra­
tions present in the subsoil. 
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The differences in moisture regime, depth to bedrock, 
weathering rate, and other factors associated with the three 
glacial till deposits would cause possible differences in the 
nutrient concentrations between drainage classes. Some mixing of 
till types occurred with the grouping of sites by drainage. 
The mixing, while eliminating some of the heterogeneity among 
classes, made interpretation of noted differences in subsoil 
nutrient concentration more complicated. 
If the differences among nutrient concentration caused 
by physical differences in the glacial till parent materials were 
discounted, the results of the comparisons indicated that the 
nutrient concentrations in the subsoil were related to drainage 
rate. Soil nutrients leaching from the volcanic ash soil were 
eluviating at a relatively uniform rate. With the exception of 
minor movement of water downslope, especially on the sites having 
the compacted till interfacing with the volcanic ash, the nutrients 
in the soil solution were carried into the glacial till subsoils. 
The rate of soil solution movement through the subsoil appeared to 
affect the concentrations of soil nutrients retained. The slower 
the soil drainage, the higher the nutrient concentration present. 
The presence of an increased clay content only in the second 
horizon of the buried soil on the slowly drained sites supported 
this indication (Appendix 9). 
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Comparison of the volcanic ash layer to the buried soil 
(Table 2) on slowly drained sites disclosed lower concentrations 
of copper and magnesium, and higher concentrations of iron, 
potassium, manganese, sodium, phosphate, and nitrate in the ash. 
Moderately drained subsoil contained higher concentrations of 
copper than the ash soil. Potassium, manganese, and phosphate 
concentrations were higher in the ash of both rapidly and moder­
ately drained soils than in the subsoil layers. Magnesium 
concentration was higher, and iron and sodium concentrations lower, 
in the rapidly drained subsoil than in the andic layer. 
The higher concentrations of iron and phosphate in the 
andic soil as compared to the subsoil was expected. Iron is 
normally found in abundance in soils derived from volcanic ash. 
According to Jones et al. (1979) phosphorus is sorbed in greater 
quantities by andic soils than by soils derived from glacial 
sediment. Brown (1977) notes that the levels of adsorbed phosphorus 
are in equilibrium with solution phosphorus. Powers and Wilcox 
(1964) report large amounts of iron sesquioxides in andic soil 
horizons derived from Mount Mazama ash. These sesquioxides supply 
available iron and contribute to the sorption of solution 
phosphorus. Manganese concentration would be expected to be 
higher in a subsoil derived from glacial till deposits overlying 
calcareous or dolomitic argillites and shale than in an andic 
soil. The higher potassium concentration in the andic soil layer 
of all three drainage classes, the higher levels of sodium and 
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nitrate in the slowly drained ash, and the higher sodium in the 
rapidly drained andic layer indicated that excessive leaching 
of the ash soil had not occurred. Being soluble, these ions 
would be the first to be eluviated from the andic layer. 
Nutrient Availability per Square Meter (Drainage 
Classification A). The results of the comparisons of means for soil 
nutrient content expressed as milliequivalents per square meter are 
tabulated in Table 3. 
In the volcanic ash layers the magnesium and phosphate 
contents were significantly higher in slowly drained soils than 
in those on moderately drained sites (Table 3). Ash soils on 
sites having rapid subsurface drainage contained less sodium than 
ash layers over moderately drained subsoil. Rapidly drained sites 
contained a higher level of iron than moderately drained sites, 
and a higher potassium content than either slow or moderately 
drained soils. The sodium relationship between the andic layers 
of the rapidly and moderately drained soils appeared to indicate 
greater leaching on the rapidly drained sites. 
The subsoil layers exhibited a somewhat larger number of 
significant differences in nutrient content (Table 3). Potassium, 
magnesium, and manganese content was higher in slowly drained soils 
than in those on moderately drained sites. The slowly drained 
subsoils contained significantly larger amounts of copper, iron, 
magnesium, manganese, sodium, and zinc as well as a larger total 
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Table 3. Results of soil nutrient content (milliequivalents/square meter) 
comparisons for Kootenai National Forest sample sites grouped by 
drainage classification A (Student's t-test). 
Comparison Ca Cu Fe 
Mill iequivalents/Square Meter— 
Total 
Mg Mn Na 
—Weighted 
PPM 
Zn Cations PO^ NO^ 
Andic 
Slow to Moderate 
Slow to Rapid R 
Moderate to Rapid R R M 
Subsoil 
Slow to Moderate S S s 
Slow to Rapid S S S s s S s 
Moderate to Rapid M M M 
Drainage Class 
Slow 
Andic to Subsoil S S S S S s S S s A A 
Moderate 
Andic to Subsoil S S S S A S S s 
Rapid 
Andic to Subsoil S s s A S s s A 
S, M, R, or A in the table indicates the drainage class or soil layer 
having a significantly higher content. 
(a = -05) 
Drainage Class Limits 
Slow 0-5.1 cm/hour n=6 
Moderate 5.1 - 15.2 cm/hour n=7 
Rapid >15.2 cm/hour n=6 
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cation content than those with rapid drainage. Copper, sodium, 
and zinc availabilities were lower on rapidly drained sites than 
on those with moderate drainage. 
The higher nutrient availabilities in the slowly drained 
soils as compared to the sites having moderate and rapid drainage, 
and in the moderately drained soils as compared to the rapidly 
drained sites, were due in part to the increasing depth and bulk 
density of the glacial till soils with decreasing drainage rate. 
The differential accumulation (or leaching) of nutrients related 
to variation in subsoil drainage, as suggested by the nutrient 
concentration comparisons, would also have contributed. 
Comparison of the nutrient contents of the volcanic ash 
horizon and the buried soil (Table 3) on slow sites indicated 
greater amounts of phosphate and nitrate in the ash, with all other 
elements occurring in larger quantities in the subsoil. On 
moderately drained sites the ash horizon was higher in manganese 
and lower in calcium, copper, iron, magnesium, sodium, zinc, and 
total cation contents. The rapidly drained subsoil contained 
greater quantities of calcium, copper, magnesium, sodium, and 
zinc than the andic layer, but signficantly less manganese and 
phosphate. Total cation content was also higher in the subsoil of 
the rapidly drained sites. 
The apparent tendency for significantly greater nutrient 
contents to be found in the subsoil of all drainage classes, as 
compared to their respective andic soil layers, was presumably 
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linked to the greater mass of soil present in the subsoil layers. 
The continued greater availability of phosphate in the andic as 
opposed to the buried soils on the slowly and rapidly drained 
sites was further evidence of the ability of volcanic ash soils 
to fix phosphorus. Nitrate availability would be expected to be 
significantly higher in ash soils than in the subsoils because 
the requirements for aeration, moisture, and temperature demanded 
by the nitrobacteria are better met in soils lying near the surface 
and having greater moisture holding capacities and low bulk 
densities. Nitrates are readily leached from soils, and the lack 
of significantly high available quantities in the andic soils 
of rapidly and moderately drained sites indicated the possibility of 
differential leaching of the ash layers among the drainage classes. 
Nutrient Availability per Hectare (Drainage Classification A). 
Comparison of the means for kilogram per hectare content of the 
three drainage rate classes is presented in Table 4. 
Zinc content of volcanic ash layers on moderately drained 
sites was significantly higher than on either slowly or rapidly 
drained sites (Table 4). Moderately drained andic soils contained 
more sodium than soils with rapid drainage, again indicating a 
possible tendency toward more rapid leaching with increased drainage 
rate. Andic soils on rapidly drained sites contained less 
phosphate than those on slowly drained sites, indicating possible 
leaching losses. 
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Table 4. Results of soil nutrient content (kilograms/hectare) comparisons 
for Kootenai National Torest sample sites grouped by drainage 
classification A (Student's t-test). 
Comparison Ca Cu Fe K Mg Mn Na Zn P04 
Total 
N 
Andic 
Slow to Moderate M 
Slow to Rapid S 
Moderate to Rapid M M 
Subsoil 
Slow to Moderate S S S S 
Slow to Rapid S S s s S S S S 
Moderate to Rapid M M M 
Drainage Class 
SI ow 
Andic to Subsoil S S s S A A 
Moderate 
Andic to Subsoil S A A A A 
Rapid 
Andic to Subsoil A A A A A A 
S, M, R, or A in the table indicates the drainage class or soil 
layer having a significantly higher content. 
(« = .05) 
Drainage Class Limits 
Slow C - 5.1 cm/hour n=6 
Moderate 5.1 - 15.2 cm/hour n=7 
Rapid >15.2 cm/hour n=6 
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The quantities of potassium, magnesium, manganese, and 
total nitrogen in the subsoil of slowly drained sites were greater 
than for soil with either of the other drainage rates (Table 4). 
Calcium, copper, sodium, and zinc quantities •were greater on 
sites having slow drainage than on those draining rapidly. 
Rapidly drained soils were lower in copper, iron, and zinc content 
than soils having moderate drainage. 
Variation in the results of soil nutrient availability 
comparisons between Table 3 and 4 was evident. This variation 
was cuased by the correction for the estimated coarse fragment 
(>2mm) percentage in the volume of each soil horizon for the 
data expressed in kilograms per hectare. Expression of the 
nutrient quantities in this manner gave a more meaningful indication 
of the actual quantities of soil nutrients available for vegetative 
growth than in availability expressions ignoring coarse fragments. 
The pronounced variability observed in the results of comparisons 
among andic soils (Tables 3 and 4) was due to the relatively wide 
variation in coarse fragment percentages (Appendix 10) in the 
thin volcanic ash horizons. Less variability in coarse fragment 
percentages and greater overall horizon thicknesses in the subsoil 
accounted for the much more limited variation in the subsoil 
comparison results between Tables 3 and 4. The estimates of coarse 
fragment content (>2mm)of the soil (by volume percentage) were 
made during the soil profile description and sampling procedure. 
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The amounts of available phosphate and total nitrogen 
were higher, and those of calcium, copper, magnesium, and sodium 
lower, in the andic layer of slowly drained soils as compared to 
the subsoil on the same sites (Table 4). Moderately drained soils 
were lower in copper and higher in potassium, manganese, phosphate, 
and total nitrogen content in the volcanic ash soil. On rapidly 
drained sites the subsoil was significantly lower in available 
iron, potassium, manganese, zinc, phosphate, and total nitrogen 
than was the ash layer. 
Correcting the nutrient quantities available in the soil 
for the volume of coarse fragments (>2mm) present resulted in 
fewer significant differences between the andic and buried soils 
in the different drainage classes. The higher phosphate content in 
the andic soils confirmed expectations. Total nitrogen quantities 
were also higher in the andic layers reflecting the greater 
quantity of organic matter and the larger number of microorganisms 
within the ash soil. 
Drainage Classification B (Slow, 0-2.54 cm/hr; Moderate, 2.54-25.4 
cm/hr; Rapid, > 25.4 cm/hr) 
Nutrient Concentration (Micrograms/Gram). Table 5 contains 
the results obtained when the mean concentrations of the soil nutrients 
were compared under drainage classification B. 
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Table 5. Results of soil nutrient concentration (micrograms/gram) comparisons 
for Kootenai National Forest sample sites grouped by drainage 
classification B (Student's t-test). 
Micrograms/Gram PPM 
Comparison Ca Cu Fe K Mg Mn Na I n  PO^ NO^ 
Andic 
Slow to Moderate S 
Slow to Rapid 
Moderate to Rapid ^ 
Subsoil 
Slow to Moderate S S S M 
Slow to Rapid S S S 
Moderate to Rapid ^ 
Drainage CI ass 
Slow 
Andic to Subsoil S A A S A A A 
Moderate 
Andic to Subsoil SAASAA A A 
Rapid 
Andic to Subsoil A A 
S, M, R, or A in the table indicates the drainage class or soil layer 
having a significantly higher concentration. 
(«= .05) 
Drainage Class Limits 
Slow 0 - 2.54 cm/hour n=4 
Moderate 2.54 - 25.4 cm/hour n=12 
Rapid > 25.4 cm/hour n=3 
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The volcanic ash layer of the slowly drained sites contained 
greater concentrations of phosphate than did sites with moderate 
drainage. Iron concentration was greater on sites with rapid, 
as opposed to moderate, drainage. Subsoil drainage had no 
apparent significant effects on the concentrations of the more 
soluble nutrients in this drainage grouping. 
The concentrations of magnesium, potassium, and manganese 
were higher in the subsoil of slowly drained sites than in that 
of moderately drained sites (Table 5). Magnesium, sodium, and 
zinc levels were significantly lower on sites with rapid drainage 
rates, as compared to those with slow rates. Moderately drained 
soils had greater phosphate concentrations than slowly drained soils, 
and lower phosphate concentrations than those with rapid drainage. 
The greater concentration of nutrients in the subsoil 
on slowly drained sites than on sites having moderate or rapid 
drainage rates was important. The presence of three physically 
different parent materials undoubtedly resulted in some signifi­
cant differences in nutrient concentration, but subsoil drainage 
rates may have contributed to these differences also. 
Nutrient concentrations in volcanic ash soils do not appear to have 
been strongly affected by varying rates of subsoil drainage (Tables 
2 and 5). The inherently low fertility, cation exchange capacity, 
and moisture holding capability of the coarse glacial till subsoils 
may have made these subsoils susceptible to differential leaching 
with varying soil drainage rates. The results of subsoil nutrient 
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concentration comparisons (Tables 2 and 5) indicated that this 
could have been the case. 
Andic soil on slowly drained sites contained greater 
concentrations of iron, potassium, manganese, phosphate, and 
nitrate, and lower concentrations of copper and magnesium than 
the subsoil on the same sites (Table 5). The buried soil on sites 
having moderate drainage rates was lower in potassium, iron, 
manganese, sodium, nitrate, and phosphate concentrations, but 
higher in magnesium and copper than was the ash layer. Volcanic 
ash soils on sites draining rapidly contained higher potassium and 
sodium concentrations than the underlying subsoil. 
The significantly greater concentrations of sodium and 
nitrate in the andic soil compared to the subsoil on moderately 
drained sites, and the higher concentrations of sodium and nitrate 
in the andic layers of the rapidly and slowly drained sites, 
respectively, indicated that leaching on these sites was not 
effective in removing sodium or nitrates from the upper soil 
horizons. The higher potassium concentrations in the andic layer, 
as opposed to the subsoil, of all drainage classes confirmed the 
lack of nutrient movement from the volcanic ash soil to the 
underlying glacial till. The presence of phosphate and iron in 
greater concentrations in the andic material was predictable. 
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Nutrient Availability per Square Meter (Drainage Classifica­
tion B). Displayed in Table 6 are the results of t-test comparisons 
of the means of milliequivalent per square meter contents of the 
soil nutrients. 
Under this drainage classification grouping only one 
significant difference in content was apparent among the andic 
soils (Table 6). On slowly drained soils the amount of available 
phosphate was greater than that found in moderately drained areas. 
There was no apparent indication that nutrient availability in the 
andic soil layers was affected by subsurface drainage rate. 
The subsoil on sites draining slowly contained significantly 
greater quantities of magnesium and manganese than moderately 
drained soils (Table 6). Slowly drained subsoil had higher 
levels of all the nutrients tested, with the exception of iron, 
nitrate, and phosphate, when compared to the buried soils on 
rapidly drained sites. Subsoils with rapid drainage contained more 
phosphate than those draining slowly. Total cation availability 
was also greater on the slowly drained sites. Significantly 
greater amounts of copper, potassium, and sodium were found on 
moderately drained sites than on those which were rapidly drained. 
The tendency for greater nutrient availability to occur in 
subsoils having increasingly slower drainage corresponded to the 
indications of nutrient concentrations (Tables 2 and 5). Higher 
phosphate availability in the subsoil of the rapidly drained sites, 
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Table 6. Results of soil nutrient content (milliequivalents/square meter) 
comparisons for Kootenai National Forest sample sites grouped by 
drainage classification B (Student's t-test). 
-Mi 11 iequivalents/Square Meter Weiahted 
T «. i P™ Total 
Comparison Ca Cu Fe K Mg Mn Na Zn Cations PO^ NO^ 
Andic 
Slow to Moderate S 
Slow to Rapid 
Moderate to Rapid 
Subsoil 
Slow to Moderate S s 
Slow to Rapid S S S S S  s s s R 
Moderate to Rapid MM M 
Drainage Class 
Slow 
Andic to Subsoil SSSSSSSS S AA 
Moderate 
Andic to Subsoil SSS SASS S A 
Rapid 
Andic to Subsoil A 
S, M, R, or A in the table indicates the drainage class or soil layer 
having a significantly higher content. 
(<*= -05) 
Drainage Class Limits 
Slow 0-2.54 cm/hour n=4 
Moderate 2.54 - 25-4 cm/hour n=12 
Rapid >25-4 cm/hour n=3 
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as compared to that in soils having slow drainage, may have been 
a result of the tendency for volcanic ash soil to be moved 
downward and mixed with the thin glacial till mantle. The rapidly 
drained sites in this classification have a very thin veneer of 
glacial till over bedrock (Table 1, Appendix 1). Loose till and 
fractured bedrock near the volcanic ash-subsoil interface account 
for the very rapid drainage, and may have abetted a mixing process. 
Volcanic ash soils on slowly drained sites, while containing 
more phosphate and nitrate, contained lesser amounts of all eight 
cations than the buried soil (Table 6). The total cation level 
was also significantly lower for the ash layer. The subsoil on 
sites with moderate drainage rates had greater available quantities 
of calcium, copper, iron, magnesium, sodium, and zinc than did the 
andic soil. Total cation content was higher in the subsoil 
as well, but manganese and nitrate were present in larger amounts 
in the andic layer. With the exception of the nitrate, potassium, 
and manganese content comparisons in the moderately drained soils, 
the results of the soil nutrient content comparisons for both 
the slowly and moderately drained sites were identical. The only 
significant difference evident between the andic and subsoil 
layers on rapidly drained sites was in potassium content, with 
the andic soil containing the greater amount. 
The lack of significant differences between the andic and 
subsoil layers on the rapidly drained sites could probably be 
attributed to the thin subsoil present on those sites and the mixing 
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of volcanic ash and glacial till soils at the interface. 
Nutrient Availability per Hectare (Drainage Classification B). 
The results of the comparisons of nutrient means for the kilogram 
per hectare contents of soils in drainage class B are presented 
in Table 7. 
The andic soils on slowly drained sites were poorer in 
available manganese and zinc than were those on moderately drained 
sites (Table 7). Copper was present in greater abundance on moder­
ately drained sites than on rapidly drained ones. No indication 
that nutrient content in the andic soil was affected by subsoil 
drainage could be found. 
Slowly drained subsoils contained significantly more 
calcium, copper, potassium, magnesium, manganese, and total nitrogen 
than did those on either rapidly or moderately drained sites 
(Table 7). Iron was available in greater quantities on sites having 
slow drainage than in moderately draining soils. Sites having 
rapid drainage rates contained less sodium and zinc than slowly 
drained sites, and less calcium, copper, potassium, sodium, and 
zinc than moderately drained sites. These results could be inter­
preted to support the primary hypothesis as they indicated that 
either a differential accumulation of nutrients from the andic 
layer was occurring in the subsoil, or that a differential leaching 
of nutrients is occurring in the subsoil, with relation to 
drainage rate. An inverse relationship appeared to exist between 
the quantity of soil nutrient available and the drainage rate of 
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Table 7. Results of soil nutrient content (kilograms/hec.tare) comparisons 
for Kootenai National f-orest sample sites grouped by drainage 
classification B (Student1 t-test). 
Ki1ograms/Hectare 
Comparison Ca Cu Fe K Mg Mn Na Zn PO^ 
Andic 
Slow to Moderate M M 
Slow to Rapid 
Moderate to Rapid M 
Subsoil 
Slow to Moderate S S S S 5 S S 
Slow to Rapid S S S S s s s S 
Moderate to Rapid M M M M M 
Drainage Class 
Slow 
Andic to Subsoil S S S S A A 
Moderate 
Andic to Subsoil S A A S A 
Rapid 
Andic to Subsoil A A 
S, M, R, or A in the table indicates the drainage class or soil 
layer having a significantly higher content. 
(« = -05) 
Drainage Class Limits 
Slow 0 - 2.54 cm/hour n=4 
Moderate 2.54 - 25.4 cm/hour n=12 
Rapid > 25.4 cm/hour n=3 
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of the subsoil. The small sample size and shallow subsoil of the 
rapidly drained sites made conclusions concerning this relation­
ship tenuous. 
Volcanic ash soils contained more calcium, copper, 
magnesium, and total nitrogen than did the subsoils on slowly 
drained sites (Table 7). On moderately drained sites the copper 
and magnesium contents were greater in the subsoil, but manganese, 
phosphate, iron, potassium, and total nitrogen were more abundant 
in the ash layer. Iron and potassium were present in larger quan­
tities in volcanic ash soil than in the buried soil on sites 
exhibiting rapid drainage. 
Correction of the quantities of soil nutrients available 
in the andic and glacial till soils for the percentage of coarse 
fragments (>2mm) present reduced the number of significant differ­
ences which appeared (Tables 6 and 7) in the volcanic ash-subsoil 
comparisons for each drainage class. Higher phosphate, total 
nitrogen, and iron in the andic, and higher calcium and magnesium 
in the subsoil, matched expectations. Greater availability of 
potassium occurred in the andic layers, as compared to the subsoil, 
of moderate and rapid drainage classes. No significant differences 
noted in the results of the comparisons of andic and subsoil 
layers in slowly drained soils suggested differential leaching of 
the ash layer with subsoil drainage rate. The relationships 
indicated that the ash soils on the two more rapidly drained 
sites were not being leached at a faster rate than the ash on the 
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more slowly drained soil. Drainage rate of the subsoil, as 
expected, did not appear to be affecting the nutrient availabilities 
in the volcanic ash soil. 
Land Type Classification 
Briefly, the land type designations used in this study were: 
351 volcanic ash soil over deep, compacted glacial 
till; associated with slow drainage rates in this 
study. 
352 volcanic ash soil over deep glacial till; 
associated with moderate drainage in this study. 
355 volcanic ash soil over shallow glacial till, 
exhibiting bedrock control; associated with rapid 
drainage in this study. 
Nutrient Concentration (Micrograms/Gram). Comparison of 
the means of microgram per gram elemental concentrations found in 
the andic and subsoil layers of the sample soils produced the 
results in Table 8. 
Andic soils on sites of the 352 land type contained 
significatnly higher concentrations of sodium than those on the 
355 land type (Table 8). Manganese concentration was also higher 
on the 352 than on the 351 type. Iron concentration was greater 
in the ash soil of 355 land types than in that of 352 types. Mag­
nesium and phosphate were in greater concentration in the ash of 
351 soils, as compared to 352 sites. Zinc was in greater 
concentrations in andic layers on 351 sites, as compared to 355 sites. 
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Table 8. Results of soil nutrient, concentration (micrograms/grain) comparisons 
for Kootenai National Forest sample sites grouped by land type 
classification (Student's t-test). 
Micrograms/Gram PPM 
Comparison Ca Cu Fe K Mg Mn Na Zn PO^ NO^ 
Andic 
351 to 352 351 352 351 
351 to 355 
Subsoil 
351 
352 to 355 355 352 
351 to 352 351 351 351 352 
351 to 355 351 351 351 351 351 
352 to 355 352 355 352 352 
Land Type Class 
351 
Andic to Subsoil S A A S A 
352 
Andic to Subsoil S A S A A 
355 
Andic to Subsoil S A A S A A 
Land type class, S, or A in the table indicates the class or soil 
layer having a significantly higher concentration. 
(« = .05) 
Land Type Sample Size 
351 n=4 
352 n=8 
355 n=7 
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The higher sodium concentration in the andic soil of type 
352 when compared to the andic layer on the 355 land types 
indicated that possible differential leaching did occur. 
The compacted till of the 351 sites contained heavier 
concentrations of potassium, magnesium, and manganese, and lower 
concentrations of phosphate, than the non-compacted till on the 
352 sites (Table 8). The subsoil of sites in the 355 class 
contained lower levels of copper, sodium, and zinc than that 
of either of the other two land types, and higher levels of 
potassium than the 352 land type. Magnesium and manganese 
concentrations were higher in soils on 351 land types than in 
those on 355 types. These relationships, especially those regarding 
sodium concentrations, appeared to support the theory concerning 
differential leaching of the glacial till subsoils, and, thus, 
the hypothesis concerning andic soil fertility. In this case 
the differential leaching appeared related to land type. 
The andic soil layer on the 351 land type contained 
greater concentrations of iron, potassium, manganese, phosphate, 
and nitrate than the underlying subsoil layer. The copper and 
magnesium concentrations were higher in the subsoil than in the 
andic layer of all three land types. Higher potassium, manganese, 
sodium, and phosphate concentrations occurred in the andic soil, 
as opposed to the substratum in both the 352 and 355 land types. 
Iron level was higher in the ash layer of the 355 type than in the 
subsoil. The results concerning iron and phosphate were expected 
on the basis of andic soil characteristics. Leaching of soil 
nutrients from the volcanic ash was not obviously linked to land 
type (and the associated drainage rate classes). 
Nutrient Availability per Square Meter (Land Type Classifica­
tion). Results of the t-test comparisons on means of the mi Hi-
equivalent per square meter content of sample soil layers are 
presented in Table 9. 
The volcanic ash soil overlying compacted glacial till 
in land type 351 contained significantly smaller amounts of 
available calcium and potassium than that overlying the shallow 
till of the 355 type (Table 9). Total cation content was also 
lower in the 351 as compared to the 355 class. 
The compacted till of the 351 land type contained more 
magnesium and manganese than the looser till on 352 types, and 
more copper, manganese, sodium, and zinc than the shallow till 
of the 355 type (Table 9). The loose till on 352 sites contained 
significantly larger quantities of copper, sodium, and zinc 
than the substratum of the 355 sites. 
Comparison of the subsoil nutrient content means grouped 
by land type produced fewer significant results than comparable 
comparisons based upon drainage class groupings (Tables 3, 6, 
and 9). The significant results that were noted did indicate 
that nutrient availabilities were highest in the subsoils of 351 
land types and lowest in those of the 355 types. If general 
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Table 9. Results of soil nutrient 
comparisons for Kootenai 
land type classification 
content (milliequivalents/square meter) 
National Forest sample sites grouped by 
(Student's t-test). 
Milliequivalents/Square Meter Weighted 
Total PPM 
Comparison Ca Cu Fe K Mg Mn Na Zn Cations PO^ NOg 
Andic 
351 to 352 
351 to 355 355 355 355 
352 to 355 
Subsoil 
351 to 352 351 351 
351 to 355 351 351 351 351 
352 to 355 352 352 352 
Land Type Class 
351 
Andic to Subsoil SSSSSSSS S A 
352 
Andic to Subsoil SSS SASS S 
355 
Andic to Subsoil S S S A S 
Land type class, S, or A in the table indicates the class or soil 
layer having a significantly higher content. 
(« = .05) 
Land Type Sample Size 
351 n=4 
352 n=8 
355 n=7 
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drainage class designations of slow, moderate, and rapid were 
associated with land types 351, 352, and 355, respectively, the 
results conformed to those noted for subsoils in the other drainage 
classification site groupings. 
The subsoil on 351 sites contained a greater total cation 
content as well as significantly larger amounts of all eight 
cations when compared to the volcanic ash layer (Table 9). 
Nitrate content of the ash layer was greater than that of the 
subsoil. On sites designated 352, manganese content was greater 
in the ash but calcium, copper, iron, magnesium, sodium, and 
zinc contents were greater in the subsoil. Total cation content 
was also greater in the subsoil. Manganese content was higher 
in the ash layer of the 355 land type, but available calcium, 
copper and magnesium amounts, as well as the amount of total 
available cations, were higher in the subsoil. 
The majority of significantly higher soil nutrient contents 
were in the subsoil layers, as compared to available contents of 
the andic soil layers, of all three land type classes. The greater 
volume per square meter of the subsoil, compared to that of the 
volcanic ash layer, accounted for the one-sided results. 
Nutrient Availability per Hectare (Land Type Classification). 
Table 10 presents the results of comparisons between the means 
of the kilogram per hectare soil nutrient contents using 
Student's t-tests. 
No significant differences in the content of soil nutrients 
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Table 10. Results of soil nutrient content (kilograms/hectare) comparisons 
for Kootenai National Forest sample sites grouped by land type 
classification (Student's t-test). 
Kilograms/Hectare 
Comparison Ca Cu Fe K Mg Mn Na Zn PO^ 
Andic 
351 to 352 
351 to 355 
352 to 355 
Subsoil 
351 to 352 351 351 
351 to 355 351 351 351 351 351 351 351 351 
352 to 355 352 352 352 
Land Type Class 
351 
fVndic to Subsoil S S S A 
352 
Andic to Subsoil S S A A A 
355 
Andic to Subsoil A A A A A A 
Land type class, S, or A in the table indicates the class or soil 
layer having a significantly higher content. 
(«= .05) 
Land Type Sample Size 
351 n=4 
352 n=8 
355 n=7 
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in andic soils were noted (Table 10). The lack of significant 
differences among andic soils indicated that no differential 
leaching of those soil layers was occurring when ranked by this 
classification system. 
Subsoil on the 351 land type contained greater amounts of 
manganese and total nitrogen than was found in the subsoil of 
either the 352 or 355 types (Table 10). The shallow till of the 
355 land type contained less calcium, copper, iron, magnesium, 
sodium, and zinc than the compacted till of the 351 type. 
These results, while differing from those obtained using 
the milliequivalent per square meter comparisons (Table 9), 
continued to emphasize the inverse relationship between subsoil 
nutrient content and the drainage rates associated with the 
land type classes. Differences noted in the results were caused 
by the correction for coarse fragment (>2mm) volume in the kilo­
gram per hectare comparisons. 
The volcanic ash layer on 351 sites was poorer in clacium, 
copper, and magnesium than the compacted till subsoil, but contained 
significantly more total nitrogen (Table 10). The deep, loose 
till of sites on the 352 land type contained more copper and 
potassium, but less manganese, phosphate, and total nitrogen, 
than its overlying ash layer. The volcanic ash layers on 355 
land types had larger available quantities of iron, potassium, 
manganese, zinc, phosphate, and total nitrogen than the subsoil 
layer. 
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Correction for coarse fragment (>2mm) volume in the kilogram 
per hectare comparisons of soil nutrients in the andic and subsoil 
layers of each land type caused a number of significant differences 
between the results observed in Table 10 and those of the milli-
equivalent per square meter comparisons (Table 9). Most notable 
were the instances in which the nutrient content of the andic 
soils became significantly greater than those of the underlying 
subsoil. 
Comparison with Other Andic Soils 
Table 11 contains the yg/g means of the soil nutrients by 
soil layer for the Kootenai National Forest sample sites of this 
study. Table 12 presents the microgram per gram (yg/g) concentra­
tion of various soil nutrients from western larch sites in the 
Libby area (Stark 1977). Sites producing good and poor growth are 
included. 
Examination of Table 11 indicates that the volcanic ash soil 
was generally a more favorable medium for conifer growth than the 
subsoil. Iron (2-8 yg/g), and potassium (80 - 220 yg/g) con­
centrations were more favorable in the andic layer than in the 
subsoil. Subsoil concentrations were comparable to those in the 
andic layer for calcium (300 - 1500 yg/g) and copper (0.8 - 3.1 
yg/g), and tended to be within favorable limits. Subsoil concentra­
tions of iron and potassium were lower than desirable levels. 
Magnesium (22 - 75 yg/g) was lower in the ash soil than in the 
subsoil, and was also lower than desired for good conifer growth. 
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Table 12. Ion concentrations, pH, and Ca/Mg ratio for 20-30 cm thick volcanic ash 
soil layers near Libby, Montana (Stark 1977). 
Site Growth Micrograms/Gram 
Number Evaluation Ca Cu Fe K Mg Mn Na Zn P0^ pH Ca/Mg 
13 Very Slow 589 2.0 4.2 70 42 3.1 15 .57 11 6.2 14.0 
14 Poor 962 1.6 4.1 203 85 3.7 16 .67 108 5.8 11.3 
18 Poor 1575 0.9 2.6 202 76 5.9 16 .68 54 6.8 20.7 
19 Poor 703 1.8 2.7 152 83 7.4 13 .47 129 6.7 8.5 
15 Good 503 2.0 3.7 186 55 3.2 18 .92 20 6.3 9.1 
33 Good 457 2.8 3.2 301 61 2.9 12 .62 213 6.6 7.5 
34 Good 943 4.6 3.0 120 74 1.7 13 .48 38 7.5 12.7 
CO 
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Conifer requirements for manganese are still not well understood. 
Nitrate concentrations (ppm), which fluctuated considerably 
with site and layer, were inconclusive, as were the sodium levels. 
Phosphate (11 - 147 yg/g) was much more available in the andic than 
in the subsoil layer, but was below average concentration in some 
cases. The range of zinc (0.1 - 0.8 yg/g) was more favorable in 
the andic than in the subsoil, but was below average in most 
cases. Both andic and subsoil layers were very acid. This acid 
condition may be affecting the availability of some nutrients for 
tree growth, especially the micronutrients (Southhard 1969), 
making them less available for tree growth. 
Calcium/magnesium ratios are generally expected to be in 
the range of 2/1 through 5/1 (Geist and Strickler 1970) for favorable 
tree growth. These values are not concrete, and the ratio limits 
at which problems may occur in tree growth are not well defined. 
The ratios present in many of the ash and subsoil layers appeared 
very high (Table 11). 
Examination of the data in Table 12 does not lead to any 
positive conclusions concerning nutrient concentrations and tree 
growth. Site 13 exhibited the poorest growth for western larch and 
site 34 the best. Both sites appeared to have below average 
concentrations of magnesium, manganese, and phosphate. Calcium was 
normal for tree growth on site 34 and slightly low on site 13. 
Concentration of copper was above average for site 34. Potassium 
was below average for site 13. The pH on all sites was much 
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higher than for the Kootenai National Forest samples, and the cal­
cium/magnesium ratio exhibited the same mixed and relatively high 
trend. 
Based solely on the concentration of available nutrients, 
the relative growth performance of the sites in Table 12 would be 
difficult to evaluate. For example, calcium levels on two of the 
three growth sites were below the average concentration usually 
associated with a fertile forest soil. Available potassium 
concentrations appeared to be above average on both good and 
poor growth sites. Calcium/magnesium ratios were high on all 
sites, while magnesium and phosphate levels were, in many cases, 
below average. Site factors other than nutrient availability 
appeared to be controlling the limits of growth potential on most 
of these sites. Comparison of the nutrient concentrations in 
Table 11 with those in Table 12 indicated that the Kootenai 
National Forest sites were as capable of producing good growth 
in western larch as the other sites in the Libby area. Available 
nutrient concentrations alone should not cause poor growth on 
the sites sampled in this study. 
Summary of Soil Chemical Data Comparisons 
The small number of significant differences among the 
nutrient concentrations and contents in the andic soil layers of 
the various drainage and land type classes (Table 13) were expected. 
Despite the apparent differences in the leaching rate of the andic 
soil suggested by the A2 horizon development, the overall fertility 
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Table 13. Summary of soil nutrient concentration (micrograms/gram) and availabil ity (mil 1iequivalents/square 
meter, kilograms/hectare) comparisons by three classification groupings for Kootenai National 
Forest sample sites. 
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Drainage Classification A 
Andic Comparisons 
Slow to Moderate s M s 
Slow to Rapid R R s s 
Moderate to Rapid R R R M M M 
Subsoil Comparisons 
Slow to Moderate S s s s s s s S s 
Slow to Rapid S s s S S s s s s s s s s S s s S s s 
Moderate to Rapid M M M M M M M M M 
Andic to Subsoil Comparisons 
Slow S S S S S A S A S S s s A s A S s s s A A A A A A 
Moderate S s S S S A A s A A A S s s A A A 
Rapid s S A A A A S s A A A A s s A s A A A A 
Drainage Classification B 
Andic Comparisons 
Slow to Moderate M M s S 
Slow to Rapid 
Moderate to Rapid M R 1 
Subsoil Comparisons 
Slow to Moderate S S S s S c 3 c 
I 
M 
i i 
r 
Slow to Rapid S s s S s S s s s s S S S s s S s S s R s 
Moderate to Rapid M M M M M M M M R 
Andic to Subsoil Comparisons 
Slow S S S s S S A S A S S s s A S s s s s A A A A A A 
Moderate s s S s A S A A A s s s A A A A s s s A A A A A 
Rapid A A A A A 
Land Type Classification 
Andic Comparisons 
351 to 352 1 2 1 
351 to 355 5 5 1 5 
352 to 355 5 2 
Subsoil Comparisons 
351 to 352 1 1 1 1 1 1 2 1 
351 to 355 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
352 to 355 2 2 2 5 2 2 2 2 2 2 
Andic to Subsoil Comparisons 
351 S S S S s A S A S s s s A S s s S A A A A 
352 S S S S S A S s s A A A A s s s A A A 
355 S S S A A A A s s A A A A A s A A A 
S, M, R in the table indicates the drainage class having a significantly 
higher value for the comparison. 
1, 2, 5 in the table signifies the last digit of the land type class having a 
significantly higher value for the comparison 
(*= .05) 
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of the volcanic ash soils did not appear to be significantly 
affected by the drainage rate of the subsoil. 
For the hypothesis concerning the relationship of 
soil fertility to subsoil drainage to be supported by the data, the 
more soluble cations, particularly sodium and potassium, needed 
to occur in significantly greater amounts in the subsoil on sites 
having the slowest subsurface drainage. Examination of the sodium 
comparison results (Table 13) indicated greater concentrations 
and availabilities with slower subsoil drainage. Potassium 
results were not as conclusive, but may have been affected by the 
tendency for soils to complex potassium into unavailable forms. 
Further examination of the comparison results (Table 13) for 
all three classification groupings revealed a trend among a number 
of the soil nutrients to occur in greater concentration or 
availability in the subsoil having the slower drainage rate. 
In the absence of evidence of significantly different 
leaching rates in the volcanic ash soils over different subsoil 
drainage classes, the differences noted in nutrient concentration 
and content of the subsoil (Table 13) could not be attributed to 
differential illuviation of cations from the ash. These differences 
supported the hypothesis that differential accumulation of 
nutrients in the subsoil was related to differences in drainage 
rate and land type. In addition, differences in the physical 
composition of the parent materials, and the attendant differences 
in moisture regime, depth to bedrock, weathering rate, and other 
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related factors played a part in the variation of nutrient 
concentrations and availabilities. 
The number of significant differences among the concentra­
tions and contents of soil nutrients was to be expected when the 
andic and subsoil layers of each drainage and land type class were 
compared (Table 13). The differences in the physical character­
istics of the parent material accounted for a number of the 
observed relationships. The thickness differences between the 
subsoil and the andic layers, as well as variation in coarse 
fragment (>2mm) content, contributed to the large number of 
differences. 
The microgram per gram concentrations of the soil cations 
allowed comparison on a unit weight basis of the fine fraction 
(<2mm) of the soil alone. Soil characteristics, such as bulk 
density, horizon thickness, and percentage coarse fragments 
(>2mm), were not considered. Geist and Strickler (1978) noted 
that differences in the outcome of comparisons using the two 
methods of expression should be expected. Differences were most 
prevalent in this study between comparisons by concentration and 
those using the milliequivalent per square meter measure of nutrient 
availability (Table 13). The results of kilogram per hectare and 
microgram per gram comparisons were not identical, but did tend 
to agree more closely as to which cations were the most 
abundant or available in the respective soil layers. 
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Comparisons based on the mi Hi equivalent per square meter 
availability of the soil nutrients produced results (Table 13) that 
were biased by the failure to correct for coarse fragment (>2mm) 
volume in the calculations. The values obtained gave estimates 
of the quantity of each nutrient available for plant growth in 
the soil layers, as if each layer were composed only of material 
less than 2mm in size. The thickness, high bulk density, and 
coarse fragment (>2mm) volume, of the subsoil layers resulted in 
indications of much greater availability of most ions in the sub­
soil than was actually the case. 
The comparisons based on kilogram per hectare availabilities 
of each soil nutrient incorporated the estimated volume of coarse 
fragments (>2mm) into the calculations (Table 13). The estimated 
percentage volume of coarse fragments was subtracted from the cal­
culated volume of each respective soil horizon. The results of 
the tests for significance using these nutrient contents reflected 
more realistically the actual nutrient availabilities in the soil 
layers. Iron, potassium, manganese, phosphate, and total nitrogen 
availabilities exhibited a trend toward greater availability for 
plant growth in the andic soil layers, as compared to the subsoil 
layers, of the various drainage or land type classes. 
Each method of comparison supported a different evaluation 
of the nutrient fertility of the soils sampled. Comparison on the 
basis of microgram per gram concentration provided the best measure 
of the extent to which nutrient accumulation in the subsoil might 
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be occurring. Evaluation on the basis of nutrient content were 
somewhat more important for estimation of availability for tree 
growth. 
Comparison of Drainage and Land Type Classification Groupings 
Significant differences in the results of data comparisons 
obtained for each of the classification grouping systems used were 
noted (Tables 13 and 17). These differences resulted from the 
altering of the sample site distribution among classes in each 
grouping. The impetus for analyzing the data by three grouping 
schemes was to determine the most effective analysis technique. 
Drainage classification A was based on the percolation 
rates used by the U.S.D.A. Soil Conservation Service (1974). 
Grouping, using a modification of the percolation classes to limit 
soil drainage rates to three categories, resulted in the most 
uniform division of sites of the three systems (Table 1). This 
method of site division resulted in considerable mixing of the 
physical characteristics associated with parent materials. In 
addition, the rapid drainage class consisted of widely diverse 
measured drainage rates (from 16.3 to 180 cm/hour), while the 
slow and moderate drainage classes were much more limited (Table 1). 
Drainage classification B consisted of an arbitrary 
assignment of drainage rates to the slow, moderate, and rapid classes 
(Table 1). Site division among classes was less uniform than in 
classification A (Table 1). Measured drainage rates were grouped 
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as closely as possible to naturally occurring breaks in rate. 
This method of grouping approximated more closely the division 
of sites by land type and minimized the mixing of parent materials 
in the subsoils of a drainage class. 
The land type classification system was used as a grouping 
scheme for the sample sites because this is the system by which the 
Forest Service is presently mapping their forest lands. Resource 
management plans are made using the land type designations. An 
estimation of the applicability of this sytem, as compared to those 
using drainage rate, for analysis of the sample data was deemed 
appropriate. The land classes are based upon several site and soil 
factors in addition to subsoil drainage. Soil type and parent 
material are among the most important of these factors, so the 
mixing of parent materials among sample sites grouped by this 
classification was not a problem. The land types were associated 
broadly with drainage rates based on the subsoil parent material. 
In some cases there was overlap of drainage rates (Table 1) for 
the 352 and 355 land types as a result of peculiarities in the 
respective glacial till subsoils. Some 355 sites had very little 
or no glacial till subsoil over the bedrock, further confusing 
the parent material-drainage relationship. 
In the soil data analyses few significant differences were 
noted in any of the classification systems (Table 13). Drainage 
classification A produced the greatest number of differences, 
but in no system did the nutrient content of the volcanic ash soil 
87 
appear to be related to drainage rate or land type. 
Numerous significant differences occurred in the comparison 
of subsoil data (Table 13). Many similarities were noted among 
the results, with differences being attributed primarily to the 
variation of subsoil distributions among the groupings. Drainage 
classification B produced the most significant differences in 
results of the subsoil comparisons. 
The results of comparisons between the andic and subsoil 
layers of the various classes produced numerous significant 
differences (Table 13). The land type classification results and 
those of drainage classification A seemed comparable most often. 
The results obtained for comparisons in drainage classification B 
were compatible with those of the other classifications, but the 
rapid drainage class contained a notable lack of significant 
differences between the andic and subsoil layers. 
Of the three classification systems, drainage classifica­
tion B appeared to produce the most reasonable results for the soil 
nutrient comparisons. The minimal mixing of different subsoil 
types, and the division of drainage classes at naturally occurring 
breaks in drainage rate, enabled this system to produce more 
realistic comparisons than the other groupings. The mixing of 
parent materials among the classes of drainage classification A, 
and the overlap of subsoil drainage rates between land types 
352 and 355, made comparison results obtained for these two 
systems of site classification less reliable. 
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Productivity Analysis 
Tree Data Analysis 
The results of t-test comparisons of means for tree 
growth parameters (breast height, 1.37 m), sapwood area/basal area 
ratio (breast height), and site index are presented in Table 14. 
Differences in the significant results noted were caused by the 
regrouping of sites to match differences in the classification 
systems. 
Drainage Classification A (Slow, 0-5.1 cm/hr; Moderate, 
5.1-15.2 cm/hr; Rapid, >15.2 cm/hr). No significant differences 
were noted for the innermost 2.54 cm of growth (Table 14). For the 
outermost 2.54 cm of growth, trees on the slowly drained sites had 
significantly more rings than those on sites with moderate or 
rapid drainage rates. The greater number of rings in the innermost 
2.54 cm of growth would have indicated slower juvenile growth, had 
any significant differences been noted. For the outermost 2.54 cm, 
the greatest number of rings indicated slower recent growth. Recent 
growth indications showed that the trees on the slowly draining sites 
were growing more slowly than those on either the moderately or 
rapidly drained sites. 
No significant differences among sapwood area/basal area 
ratios occurred in this classification (Table 14). No indication 
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Table 14. Results of drainage class and land type comparisons of sapwood 
area/bosal area ratio (at 1.37 meters), tree growth parameters, 
and site index (Student's t-test). 
Innermost Outermost 
Sapwood Are_a Rings Rings Site 
Comparison Basal Area per 2.54cm per 2.54cm Index 
Drainage Classification A 
Slow to Moderate S M 
Slow to Rapid S R 
Moderate to Rapid 
Drainage Classification B 
Slow to Moderate S M S M 
Slow to Rapid S R S 
Moderate to Rapid R M 
Lend Type Classification 
351 to 352 351 352 351 
351 to 355 355 351 355 
352 to 355 355 352 
S, M, R, or land type class in the tabic indicates the class having 
a significantly higher value or number. 
( * = .05) 
Drainage Classification A Drainage Classification B Land Type Classification 
Slow n=48 
Moderate n=64 
Rapid n=56 
Slow n=28 
Moderate n-84 
Rapid n=21 
351 n=28 
352 n=56 
355 n=49 
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of differences in tree vigor could be obtained using this drainage 
grouping. 
Site index was significantly higher on both the rapidly 
and moderately drained sites as compared to the sites having slowly 
draining soil (table 14). These results contradicted the expected 
relationship between tree productivity and drainage rate. Tree growth, 
using this drainage grouping, was better for western larch on 
sites having the more rapid drainage. 
Drainage Classification B (Slow, 0.254 cm/hr; Moderate, 
2.54-25.4 cm/hr; Rapid, >25.4 cm/hr). The number of growth rings 
found in the innermost 2.54 cm of tree growth was significantly lower 
on slowly drained sites as compared to the number of rings in trees 
on sites with moderate and rapid subsoil drainage (Table 14). 
Trees growing on moderately drained soils had fewer rings in the 
innermost 2.54 cm at breast height than did those on rapidly 
drained soils. This relationship was reversed for the outermost 
2.54 cm of tree growth. The trees growing on slowly drained sites 
had the greatest number of growth rings and those on more rapidly 
draining soils had fewer. These results indicated that juvenile 
growth and subsoil drainage rate were inversely related, while recent 
growth and subsoil drainage rate were directly related. Slowly 
drained sites produced the most rapid juvenile growth, but the 
slowest recent growth. 
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Sites having rapid subsoil drainage produced the slowest juvenile 
growth, but were producing the most rapid recent diameter growth. 
Moderately drained soils fell between the two extremes for both 
juvenile and recent growth rates. 
Sapwood area/basal area ratio was greater on sites having 
slow drainage rates than on either moderately or rapidly drained sites 
(Table 14). These results indicated that the greatest tree 
vigor was to be found on the slowly draining sites, even though 
diameter growth was reduced. 
Site index was significantly lower on slowly drained sites 
than on those with moderate drainage (Table 14). 
The expected relationship between productivity measures 
such as site index and sapwood area/basal area ratio was an increase 
in productivity of sites with a decrease in drainage rate. The 
site index calculations in drainage classification A (Table 14) 
contradicted the expectation, and juvenile growth comparisons 
were too inconclusive to interpret strongly. Recent growth 
indications supported the site index results. 
In this drainage classification (B) the results were more 
clearcut and contradictory (Table 14). Juvenile growth comparisons 
supported the expectation that timber productivity was better on 
slowly drained sites, while recent growth measurement comparisons 
indicated that rapidly drained soils were related to the best 
timber growth. Estimation of tree vigor by the sapwood area/basal 
area ratio produced significant results indicating that trees on 
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the sites with slower drainage were the most vigorous. Logically, 
the most vigorous trees should be the most productive. Site index 
calculations, used as a measure of site productivity indicate 
that the moderately drained sites were producing better timber growth 
than those with slow drainage. The juvenile growth and tree vigor 
results were at odds with those obtained by recent growth and site 
index comparisons. 
This contradiction could be explained in two ways, neither 
of which was conclusive given the available data. Sapwood area/ 
basal area ratio was a comparative measure of tree vigor and not 
necessarily a measure of radial growth. The trees on the slowly 
drained sites may have reached a stage in their growth where more 
energy was being expended in crown expansion or root development 
than on stem volume production. Heavy stocking and the compacted 
glacial till subsoil of the slowly drained sites had concentrated 
the root systems of the trees in the andic layer of the profile. 
The concentration of roots in the andic layer was more prevalent on 
slowly drained sites than on those with more rapid drainage, limiting 
nutrient availability on the slowly drained sites to the nutrients 
found in the andic soil layer. Trees growing on sites having more 
rapid drainage would have the additional nutrient stores of the subsoil 
horizons available to them. Despite comparable levels of nutrients 
in the volcanic ash soils of the three sites, competition for those 
nutrients may have been much more intensive among the trees on the 
slowly drained soils. Confinement of roots to the andic layer, and 
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a slightly higher stocking density (Appendix 6) than soils with 
moderate or rapid drainage, would contribute to the competition 
on the sites having the compacted till and slow subsoil drainage. 
Because the comparisons among nutrient levels in the soil 
were based upon mean values for the drainage classes, there may 
have been masked differences in availability of some nutrients 
among the sample sites. This could have led to nutrient deficiencies 
which would have restricted growth somewhat, even though the 
capability to move sufficient moisture (greatest sapwood area) was 
unimpaired. The nutrient level comparisons in Table 9 indicated 
that calcium and potassium were less available on slowly drained 
ash horizons than on rapidly drained soils. The lack of significantly 
different sodium levels in the andic soils indicated that leaching 
was not the cause of the lower calcium and potassium. 
Nutrient depletion by tree growth could explain both 
phenomena. Trees on the slowly drained sites may have reached a 
transition stage in the development of the stand. Initial 
establishment and growth of the stand was rapid and unimpaired, 
but factors such as stocking density, confinement of roots to the 
thin andic soil, and depletion of essential cations by intense 
competition may have caused a decline in the overall vigor which 
had not yet been reflected in the sapwood area/basal area ratio. 
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Precipitation is approximately 91 cm for the slowly 
drained sites and 86-112 cm for the moderately and rapidly 
drained sites. The map and graph in Appendix 17 were used to 
determine annual precipitation rates. The capacity for water 
movement in trees was greater on the sites having the lowest 
precipitation rates. The capacity for water movement in trees 
was greater on the sites having the lowest precipitation, indicat­
ing that availability of water was not a problem for those trees, 
and consequently not a factor in the reduced timber growth. 
Land Type Classification. Soils on the 351 land type supported 
trees having significantly fewer growth rings per innermost 
2.54 cm growth (breast height) than sites of either 352 or 355 
types (Table 14). Trees on the 352 land type had fewer rings per 
inner 2.54 cm of growth than those on 355 land types. The number of 
rings in the outermost 2.54 cm of growth was significantly higher 
for trees on the 351 type when compared to the outermost 2.54 cm 
of growth in trees on the 352 or 355 type sites. These results 
provided an indication that juvenile western larch growth was 
fastest on the more compacted glacial till subsoils, and slowest 
on those having a thin till subsoil over bedrock. Recent growth 
was slowest on the sites having the compacted till subsoil. 
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Sapwood area/basal area ratio was lower for trees growing 
on the 352 land type than for those on 351 and 355 sites (Table 14). 
Tree vigor was shown to be higher on sites having compacted glacial 
till subsoils and thin glacial till over bedrock, and lower on those 
with the deep, loose glacial till subsoils of the 352 class. 
Site index was significantly higher for trees growing on the 
355 land type as compared to those on 351 sites (Table 14). 
Although not as clearcut as the results for drainage 
classification B (Table 14), the land type grouping results (Table 
14) supported the same apparent contradiction in site productivity. 
Juvenile growth was best on the 351 (slowly drained) sites, while 
recent radial growth was slowest. The site index measure of pro­
ductivity indicated that 355 (rapidly drained) sites supported 
better height growth than 351 (slowly drained) sites. Trees 
growing on the 351 (slowly drained) sites were significantly more 
vigorous than those on 352 sites (moderately drained). The indica­
tion of greater tree vigor on 355 sites (rapidly drained) than on 
352 (moderately drained) sites was the only evidence in all three 
classification system comparisons (Table 14) that tree vigor might 
be greater on sites having thin glacial till subsoil over bedrock. 
Drainage rates associated with land types were the original 
estimates of approximate drainage class based on subsoil character­
istics. 
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Xylem Sap Analysis 
Drainage Classification A (Slow, 0-5.1 cm/hr; Moderate, 
5.1-15.2 cm/hr; Rapid, > 15.2 cm/hr). Xylem sap from trees growing 
on slowly drained sites contained greater amounts of potassium 
and phosphate than that from trees on rapidly drained sites (Table 15). 
Sap extracted from trees growing on moderately drained soils con­
tained less potassium and more manganese than that from trees 
growing on slowly drained sites, and more phosphate than that from 
trees on sites with rapid drainage. 
The results of the xylem sap nutrient comparisons were 
compared to those from the andic soil nutrient comparisons (Table 13) 
to give insight into the relationships between soil and sap nutrient 
concentrations. Phosphate levels in the ash soils were significantly 
higher in slowly drained soils as compared to those on moderately 
or rapidly drained sites. Manganese exhibited no significant 
relationship. Potassium occurred in greater availability on rapidly 
drained sites when compared to those having slow or moderate 
drainage. The potassium and manganese levels in the sap may have 
been the result of compensatory uptake of these cations in response 
to an increased energy expenditure by the trees in obtaining them. 
The mixing of noncompacted glacial till subsoil into the slowly 
drained class in this classification grouping allowed some root 
penetration, and the occurrance of higher potassium and manganese 
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Tablelb. Results of the comparisons of the nutrient concentrations of xylem sap 
(milligrams/liter) from trees on sample sites grouped by drainage class 
and land type (Student's t-test). 
Milligrams/Liter (PPM) 
Comparison Ca Cu Fe K Mg Mn Na Zn PO^ 
Drainage Classification A 
Slov; to Moderate S M 
Slow to Rapid S S 
Moderate to Rapid M 
Drainage Classification B 
Slow to Moderate M S S 
Slow to Rapid R 
Moderate to Rapid M 
Land Type Classification 
351 to 352 351 352 351 351 351 
351 to 355 351 355 
352 to 355 355 352 355 355 
S, M, R, or land type class in the table indicates the class having 
a significantly higher concentration. 
(« = .05) 
Drainage Classification A Drainage Classification B Land Type Classification 
Slow n=14 
Moderate n=10 
Rapid n=6 
Slow n=ll 
Moderate n=17 
Rapid n=2 
351 n=ll 
352 n=9 
355 n=10 
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levels in the subsoil of slowly drained sites (Table 13), may have 
accounted for the higher potassium and magnesium levels. The 
higher soil phosphate levels were reflected only in sap from trees 
growing on slowly and moderately drained sites. Apparently the 
trees growing on the moderately drained sites were able to overcome 
the significantly lower soil phosphate content present on those sites, 
as compared to those draining slowly. The higher phosphate 
concentration may have been the result of root expansion into the 
subsoil where additional phosphate was available. 
Drainage Classification B (Slow, 0-2.54 cm/hr; Moderate, 
2.54-25.4 cm/hr; Rapid, > 25.4 cm/hr). The content of xylem sap 
from trees on slowly drained sites was lower in manganese and higher 
in sodium and zinc than that of sap from trees on sites with 
moderate drainage (Table 15). Trees on rapidly draining sites 
had more iron in the xylem sap than those on sites which drained 
slowly, and less potassium than trees on moderately drained sites. 
Comparison of the xylem sap results to those of the andic 
soil comparison (Table 13) produced contradicting results for zinc 
and sodium. Andic soil layers contained greater amounts or con­
centrations of both cations in moderately drained soils as compared 
to slowly drained soils. Trees on slowly drained sites had more 
of the cations in the xylem sap than did trees on moderately 
drained sites. The higher consumption of sodium and zinc on sites 
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where they were found in lower availability cannot be explained. 
Neither element is required in large amounts for tree growth, and 
their concentration seemed unusual. The high potassium level in 
xylem sap from trees on moderately drained sites may have resulted 
from additional sources of potassium within easy reach of roots 
expanding into the subsoil. Lower iron in the xylem sap of trees 
on slowly drained sites as compared to levels in sap from trees on 
rapidly drained soils may have reflected a soil deficiency in 
iron resulting from heavy competition for nutrients in the andic 
layer of the slowly drained sites. Root expansion on the slowly 
drained sites was limited by the compacted till layer. Only the 
nutrients available in the ash layers were available to the trees for 
use in growth, and in heavily stocked stands competition for 
available ions would be heavy. 
Land Type Classification. The xylem sap of trees growing 
on the 351 land type contained significantly higher levels of 
copper, sodium, zinc, and total nigrogen than that of trees from 
the 352 type (Table 15). Sap taken from trees growing on the shallow 
till of the 355 land type contained more copper, zinc, and phosphate 
than that from trees on the deep loose till of 352 sites, and more 
manganese than that from trees on the compacted till of the 351 
type. Potassium content of sap from trees on land types 351 and 
352 was higher than that of sap from trees growing on 355 sites. 
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The significant results observed in the comparisons of 
xylem sap nutrient contents among land types did not reflect the 
significant results obtained by comparing the andic soil nutrient 
levels (Tables 13 and 15). Xylem sap from the trees showing the 
least recent growth and lowest site index (growing over compacted 
till on land type 351) contained higher levels of a number of 
cations than trees growing on 352 land type sites. These same 
trees were the most vigorous, exhibiting the largest sapwood area/ 
basal area ratios (Table 14) of. the three land types. The sig­
nificantly higher vigor of the trees on slowly drained sites 
appeared to enable them to obtain nutrients under adverse conditions, 
as opposed to contributing to height and volume production. This 
indication of energy expenditure to obtain nutrients would help 
to explain the contradiction noted between the tree vigor and site 
index estimates of site productivity capability. 
Moisture Stress Analysis 
The moisture stress in trees on sites grouped according 
to drainage classification A was significantly lower on sites having 
slow drainage, as compared to either the moderate or rapid drainage 
classes (Table 16). 
Grouping of sites by drainage classification B resulted in 
significantly higher moisture stress in trees growing on rapidly 
drained soils than in trees on soils having either slow or moderate 
drainage (Table 16). Trees growing in soil which was drained at a 
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Table 16 Results of tree moisture stress comparisons on sites grouped by 
drainage and land type classification systems (Student's t-test). 
Comparison Stress (megaPascals) 
Drainage Classification A 
Slow to Moderate 
Slow to Rapid 
Moderate to Rapid 
Drainage Classification B 
Slow to Moderate 
Slow to Rapid 
Moderate to Rapid 
Land Type Classification 
351 to 352 352 
351 to 35b 355 
352 to 355 
M, R, or land type indicates the class having the significantly 
greater moisture stress at the time of measurement. 
(« = .05) 
Drainage Classification A Drainage Classification B Land Type Classification 
Slow n=43 Slow n=31 351 n=31 
Moderate n=43 Moderate n=73 352 n=51 
Rapid n=44 Rapid n=26 355 n=48 
102 
moderate rate were under higher moisture stress than those on 
slowly drained sites. 
When sample sites were sorted by land type the trees 
growing over the compacted glacial till of the 351 type were under 
significantly lower stresses than trees on sites of either the 352 
or 355 types (Table 16). 
The results of moisture stress comparisons within all three 
classification groupings supported the same conclusion (Table 16). 
Moisture stress in trees on rapidly drained soils, or those having 
thin glacial till subsoils over bedrock, was the highest measured. 
Trees on slowly drained soils, or those having compacted, deep glacial 
till subsoils, were under the least stress. Stress in trees on 
moderately drained soils or on sites having deep, loose glacial 
till subsoil, fell between that of those growing on the other two 
sites. Moisture availability appeared strongly related to drainage 
rate and land type. 
Summary of Productivity Data 
Tree Data Analysis. On the basis of the data comparisons, tim­
ber productivity of a site appeared related to the subsurface drain­
age (Table 17). The contention that sapwood area/basal area ratio is in­
dicative of tree vigor (Waring et aZ.1980) suggested that trees on the 
slowly drained, or land type 351, sites were significantly more vigor­
ous than those on the other two site classes. The indication of vigor 
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Table 17. Summary table of sample tree data, xylem sap nutrient 
concentration, and moisture stress measurement 
comparisons by three classification groupings for 
Kootenai National Forest sample sites. 
Sample 
Tree Data 
Comparisons by 
Grouping Classification S
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Mg 
Sa 
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Mn 
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Na 
is 
1n P01 
Total 
N 
Moisture 
Stress 
Mega-
Pascals 
Drainage Classification A 
Slow to Moderate M s M S M M 
Slow to Rapid s R S 
— 
S 
S R 
Moderate to Rapid 
r O 
M 
M 
Drainage Classification B 
Slow to Moderate S M s M M 
Slow to Rapid S R s R R 
Moderate to Rapid R M M R 
Land Type System 
351 to 352 1 2 1 1 2 JL_ 1 1 2 
351 to 355 5 1 5 1 5 5 
352 to 355 5 2 5 2 5 5 
S, M, R in the table indicates the drainage class having a significantly 
higher value for the comparison. 
1, 2, 5 in the table signifies the last digit of the land type class having 
a significantly higher value for the comparison. 
(<* = .05)  
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was based on the supposition that these trees were able to conduct 
most readily the moisture needed to support vigorous growth. 
Juvenile and recent growth rates varied with drainage rate; the 
former, indirectly, and the latter, directly. Data comparisons 
based on land type classes did not produce significant differences 
as distinctly indicative of relationships in subsoil character­
istics, but did tend toward agreement. The somewhat confusing 
results were the result of mixed drainage rates among the subsoils 
of the land type classes. 
The relationship among the number of rings per 2.54 cm in 
the most recent growth seemingly contradicted the indication that the 
slowly drained sites supported the most vigorous tree growth 
(Table 17). Comparisons showed that the trees on the rapidly 
drained sites have put on the greatest radial growth in the recent 
past, followed by the moderately drained and slowly drained sites, 
in that order. An explanation of this contradiction was based on 
the limiting of root growth on the slowly drained sites by the 
compacted till subsoil, and the possible nutrient depletion of the 
andic soil layer by heavy stocking and the resultant strong 
competition for nutrients. 
Loewenstein (1977) noted a similar situation in the growth 
of Douglas-fir. Seedlings which were established in areas of low 
phosphorus availability grew well until the roots, confined to the 
ash layer, had depleted the available supply. Geist (1974) stressed 
the importance of root distribution in order to make use of the 
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total nutrient potential of a site. Mader (1968) reported a similar 
situation to that on the Kootenai sample sites. Early tree 
growth was somewhat superior on plots having a fertile, thin 
topsoil over infertile sand, as compared to growth on a somewhat 
less fertile, but deep fine-textured soil nearby. As later demands 
for moisture and nutrients increased, the growth rates were 
reversed, and the site having the more totally available moisture 
and nutrient supplies produced greater height and volume growth. 
With favorable conditions western larch grows rapidly from 
the seedling stage and may be 1.3 meters tall in four years (U.S.D.A. 
Forest Service 1965). Tree height and moderate diameter growth 
continue to age 75-100 years, after which diameter growth becomes 
dominant (Larsen 1916). As a species, western larch tends toward 
a relatively large, well-developed root system which protects it 
against windthrow (Kotok 1973, Larsen 1916). Evidence of windthrow 
was more prevalent on the slowly drained or 351 land types than on 
those of the other classes. This trend toward increased blowdown 
was ari indication that the root systems of trees on the affected sites 
were being limited in their development. 
Xvlem Sap Analysis. The significance of results for tests 
done on nutrient levels in sap from trees growing on rapidly 
drained soils of drainage classification B were suspect (Table 17). 
Only two samples fell into the rapid class and both were from the 
same site. Interpretations were weakened by this fact. 
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The results of the xylem sap data comparisons for all 
classifications indicated comparable levels of nutrient concentration 
for many of the nutrients in the sap (Table 17). This relationship 
indicated that most trees were able to obtain comparable amounts of 
the various nutrients from the soil. The comparable nutrient 
levels in all classes supported the suggestion that the significantly 
greater vigor of the trees on slowly drained soils (as indicated by 
the sapwood area/basal area ratio was serving to support root 
growth and competition for soil nutrients, rather than height 
growth. 
The nutrients for which significant differences in con­
centration existed seemed to be grouped. Those trees growing on 
the slowly drained sites appeared to have higher concentrations of 
sodium and the micronutrients (copper and zinc), while those having 
higher concentrations of the macronutrients (iron, potassium, and 
phosphate) were growing on sites having the more rapid drainage 
rates. The potassium and phosphate comparisons in drainage class A 
indicated higher concentrations of these two nutrients in trees on 
slowly drained sites (Table 17). In this classification, however, 
two of the six sites had deep, loose till subsoils which allowed 
penetration of the feeder roots and additional nutrient uptake. These 
results were repeated only for potassium in the 351 to 355 land type 
comparisons. 
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Moisture Stress Analysis. Results of the t-tests performed 
on the data from moisture stress testing on trees in the sample site 
areas indicated that stress on the sites of the rapidly drained or 
355 land type class was the greatest (Table 17). Stress was lowest 
on those trees growing on the sites of land class 351, those having 
the slowest drainage. Differences among the three classes were 
significant. This relationship indicated that available moisture 
for trees growing in andic soils over differently drained subsoils 
would become a growth-limiting factor for trees at different times. 
The most rapidly drained sites would become limited first, and the 
slowest, last, during any year. Reduced radial growth of the trees 
on the slowly drained sites, as compared to those on the moderately 
and rapidly drained sites, was probably not caused by lack of 
available moisture. Roe (1956) reported very slow growth in larch 
under competition induced moisture stress, but this did not appear 
to be the case in this area. The indication of the sapwood area/ 
basal area ratio, that moisture was not limiting, was substantiated. 
Factors other than moisture were responsible for the reduced growth 
on the slowly drained sites. 
Volcanic ash soils have a high moisture holding capacity and 
are able to provide large portions of their available water to plants 
at low moisture stress limits (Geist and Strickler 1978). The 
significantly higher stress found in trees over more rapidly 
drained soils, or on the shallow glacial till and bedrock of land 
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type 355 and the deep, loose glacial till of type 352, indicated a 
more rapid loss of soil moisture than was noted for the more 
slowly drained or land type class 351 soils. As most site 
characteristics such as stocking, aspect, slope, thickness of the 
volcanic ash layer, and so on, were comparable, the differences in 
moisture stress must have resulted from subsurface drainage. 
The shallow depth to bedrock would account for the 
greatest moisture stress having occurred on the most rapidly 
drained or 355 land type sites. The weaker structure of the coarse 
soils formed in the deeper glacial till of the moderately drained 
or 352 sites would result in a lower moisture holding capacity than 
the more compacted till of the slowly drained or 351 land type 
soils. In addition, the compacted till layer would tend to maintain 
a condition of moisture availability somewhat above field capacity 
for a longer period in the spring and early summer. This situation 
would be especially true on lower slopes as the slow percolation 
rates of the compacted till would cause downs!ope movement of water 
along the volcanic ash-subsoil interface. More rapidly drained soils 
would experience much less of this downslope gravitational movement 
of water. 
Comparison of Drainage and Land Type Classification Grouping 
The most complete and consistent results of the comparisons 
for tree data were obtained using classification B (Table 17). 
Drainage classification A produced few significant results from 
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the tree data comparison, likely a result of the heterogeneity of 
subsoil composition within classes. Results obtained through 
the land type system corresponded to, but were less definitive 
than, those of classification B. The soil drainage inconsistencies 
in types 352 and 355 could account for the differences noted in 
significant results. 
The moisture stress relationship to subsurface drainage 
appeared to be best explained by the results of drainage classifica­
tion B (Table 17). The parent material and drainage inconsistencies 
noted for drainage classification A and the land type system, 
respectively, were the probable cause for the lack of a significant 
result in the moderate to rapid drainage class, and 352 to 355 
land type, comparisons of moisture stress data. 
The land type system produced the greatest number of signif­
icant results among comparisons of the xylem sap nutrient contents 
(Table 17). Results obtained by drainage classification A 
corresponded closely to those of the land type system, but fewer than 
half the number of significant differences were noted among the 
comparisons. The results of drainage classification A did not 
correspond favorably with those of either of the other two systems. 
Little information exists concerning nutrient concentrations in the 
xylem sap of forest trees. As a consequence, it was difficult to 
determine which of the comparisons produced the most realistic and 
reliable results. Because drainage classification B had been 
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chosen most representative of the field conditions encountered, 
it was chosen as the most representative of xylem sap contents. 
Drainage classification B was determined to best approximate 
the natural breaks in soil drainage and subsoil parent material types 
for the sample sites in this study. The land type classification 
system did not match the continuity of results produced by drainage 
classification B for the various soil and site aspects examined. 
Drainage classification A produced results exhibiting even less 
continuity than the land type system. 
Because the land type system is currently in use on the 
Kootenai National Forest as a management tool, it will be used in 
predicting comparative nutrient availabilities and timber productivity 
for diverse areas of the forest. The limited scope of this study 
cannot be extrapolated to state that drainage classification is a 
better management tool than land typing. On large areas of 
concern, the variation of soil drainage may negate its usefulness 
as a predictor of productivity. Basing the land type classification 
system on a number of soil and site factors has made its applicability 
more meaningful in general situations, as opposed to the specific. 
m 
CONCLUSIONS 
Soil nutrient concentrations and availability, timber 
productivity measurements, xylem sap nutrient content, and moisture 
stress measurements were analyzed and compared on the basis of 
two drainage classification groupings and the Forest Service land 
type system. Most reliable results were obtained when drainage 
rates were designated: 0 to 2.54 cm/hour, slow; 2.54 to >25.4 cm/hour, 
moderate; and >25.4 cm/hour, rapid. This system was designed to 
incorporate natural breaks in the measured drainage rates of the 
site examined. 
The primary hypothesis, that fertility of soils having andic 
soil layers is significantly affected by the rate of drainage through 
the subsoil, received considerable support in this study. The 
analysis of data and comparison of means for the various nutrient 
concentrations in the andic layers of the profiles sampled did not 
show significant differences with change in drainage class. On 
the basis of this work it appeared that leaching of volcanic ash 
soils by comparable precipitation input did not significantly affect 
the nutrient status of the andic layers, regardless of subsoil 
drainage rate. Comparable leaching of the ash layers occurred on 
all sites. 
Analysis of subsoil data indicated that differential leaching 
of the subsoil with changing drainage rate was occurring. Soil 
nutrients were significantly more abundant in the slowly drained sub­
soils than in those with more rapid drainage. Physical differences 
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in the parent materials and varying depth to bedrock contributed 
to nutrient differences in the subsoil, especially in terms of 
nutrient availability per unit area. If the physical differences 
in parent material had not occurred on these sites, a more concrete 
conclusion concerning the primary hypothesis might have been drawn. 
The data appeared to confirm that the overall fertility of andic 
soils was related to drainage rate. Natural variability among 
site factors indicated other possible contributions to the variation 
in fertility. 
Interpretations of the secondary hypothesis concerning the 
relationship of forest productivity to subsoil drainage were more 
complex. 
Radial tree growth on slowly drained soils was significantly 
faster than on either moderately or rapidly drained sites following 
stand establishment. The vigor of this stand, as determined by 
sapwood area/basal area ratio, was still significantly greater, 
but growth rate on both the moderately and rapidly drained sites 
was higher. Depth of the feeder root systems of the trees on the 
slowly drained sites was limited primarily to the volcanic ash 
soil by a compacted layer of glacial till. On the sites having 
moderate and rapid drainage, the feeder roots were not as limited 
in their potential for expansion and penetrated to greater depths. 
Xylem extract analysis indicated possible iron deficiency on 
the slowly drained sites. Levels of iron were significantly lower 
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in sap from trees on those sites as compared to trees growing on 
rapidly drained sites. The data were inconclusive because the sample 
size for rapidly drained sites was very small. 
Moisture stress measurements made on trees in August, 1980, 
showed that rapidly drained soils had the most severe moisture 
stress. Available moisture was in greatest abundance on the slowly 
drained sites. The moisture holding capacity of volcanic ash 
soils appeared to be dependent upon the rate of water movement 
through subsurface layers as well as the texture and structure of 
the andic horizons themselves. 
The higher moisture stress on the moderately and rapidly 
drained sites explained the lower sapwood area/basal area ratio on 
these sites, as compared to those with slow drainage. Moisture 
stress appeared to be a major limiting factor for tree productivity 
(vigor) on the more rapidly drained sites. 
Competition among the root systems of trees for the available 
nutrients in the andic soils of the slowly drained sites appeared 
to be a major factor in the reduced radial growth of trees on 
these sites. Possible deficiency of available iron in the andic 
layer was another contributing factor. Large sapwood area/basal 
area ratio indicated that moisture availability was less a problem 
on the slowly drained sites than on those draining more rapidly. 
The dbh measurements of sample trees were comparable on all sites. 
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Timber productivity of andic soils could not be explained 
by the variation in nutrient availability with variation in 
subsurface drainage for the soils examined in this study. Some 
suggestion of nutrient limitation of growth on the slowly drained 
sites was noted, but data interpretations were inconclusive. 
Drainage variation did affect tree growth and productivity on 
andic soils as it contributed to moisture availability and freedom 
of expansion for the feeder root system. 
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APPENDIX 1 
Land Type Descriptions 
(From: U.S. Forest Service Land Type System 
Kootenai National Forest) 
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LAND TYPE 351 
Deep glacial till generally overlain by loessial deposit. 
Surface 10-16 inches yellowish brown silt loam, very weakly aggregated, 
slightly sticky, nonplastic, very rapidly permeable, rock content 
10-25 percent. Subsurface 1-2 feet pale brown to light gray very fine 
sandy loam, slightly plastic, firm, hard, 30-50 percent subangular to 
subrounded gravels and cobbles. Substrata is indurated and depth to 
bedrock is 40-120 inches. 
This unit is characterized by the closely spaced, parallel, first order 
drainages that are deeply incised. It is mostly on northerly aspects 
at elevations of 3000-4600 feet with slope gradients 40-65 percent. 
Overland flow occurs frequently and subsurface runoff is concentrated 
fairly rapidly. Generally has 1st order streams flowing into 3rd 
and 4th order streams. 
The average annual precipitation is from 25-35 inches with 20-40 
percent occurring as snow. The possibility of rain-on-snow flooding 
is medium to low. Annual runoff is 7-14 inches, and the peak discharge 
from this unit will take place in the early to mid portion of the melt 
season. The overland flow potential is very high on this unit due to 
the likelihood of a compacted, impervious layer occurring at 2-4 feet 
depths in the soil. The evapotranspiration demand is low and soil 
water stresses in the surface foot can be expected by early to mid 
July in a normal growing season. 
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LAND TYPE 351 
Identifying characteristics 
slope <65% 
Landform key glaciated 
% outcropping rock 
age of deposit quaternary 
p 1 a s t i c i ty si ightly 
particle size silt to boulder 
bedrock control without sorting poorly 
drainage pattern parallel 1st order into rock content of soil < 50% 
3rd or 4th 
stream entrenchment deep 
drainage density high 
material compacted glacial till 
loess 10-16" 
frost churning l_ow . 
slope position and/or landform description mid to lower slopes 
Imp!ications 
mass failure high 
erosion potential high 
drainage requirements sensitive - see Forest. Hydrologist 
cut slope ratio 11:1 
fill slope ratio 1j:1 • 
CBR range 11-28 
logging system low suitability - advanced system needed 
compaction factor (roads) possible swell due to compacted till 
compaction potential (equipment) moderate 
seismic needs may need seismics to determine rippability of compact till 
revegetation moderately fast 
ground water pollution potential low 
surface runoff potential high 
road suitability low 
mi seel 1aneous frequent overland flow 
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LAND TYPE 352 
Deep glacial till overlain by loessial deposit. 
Surface 10-18 inches yellowish brown silt loam, very weakly aggregated, 
slightly sticky, nonplastic, very rapidly permeable. Subsurface light 
gray to white fine sandy loam, aggregated, slightly sticky, slightly , 
plastic, moderately rapid permeability. Depth to bedrock ranges from 
60-140 inches. Rock content in the surface is 10-25 percent mostly 
in gravel and cobble size. Subsurface rock content ranges from 30-50 
percent, mostly as subangular and subrounded gravels and cobbles. 
This unit occurs mainly on northerly aspects at elevations of 3000-
5800 feet on slopes with gradients of 35-65 percent. The slopes 
are generally long and uniform. Drainageways are widely spaced and 
only slightly entrenched with fairly long reaches. Overland flow is 
rare and percolation is deep. 
The average annual precipitation ranges from 30 to greater than 40 
inches on this wide-spread unit with the majority of the unit in the 
35-40 inch zone with 40-50 percent occurring as snow. The possibility 
of rain-on-snow flooding is medium to low. Average annual runoff for 
the majority of the unit is 14-20 inches, and the peak discharge will 
occur in the mid portion of the melt season. The overland flow poten­
tial is medium to low. The evapotranspiration demand is low and soil 
water stresses in the surface foot can be expected by late July in a 
normal growing season. 
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LAND TYPE 352 (364) 
Identifying Characteristics 
si ope <65% 
Landform key glacial deposit 
% outcropping rock 
bedrock control without 
drainage pattern dendritic 
stream entrenchment slight 
drainage density widely spaced 
frost churning moderate 
slope position and/or landform description "run-of-the-mill till" 
Imp!ications 
mass failure moderate 
erosion potential moderate 
drainage requirements normal 
cut slope ratio 11:1 
fill slope ratio H:1 
CBR range 7-28 depends on rock content in till 
logging system no restrictions 
compaction factor (roads)_ shrink - w/some oversize 
compaction potential (equipment) moderate 
seismic needs 
revegetation moderately fast 
ground water pollution potential lj)w 
surface runoff potential moderate 
road suitability moderate 
mi seel 1aneous overland flow rare - percolation deep 
age of deposit quaternary (Wise.) 
piastici ty slightly 
particle size silt to boulder 
sorting poorly 
rock content of soil 30-50% 
ma te r i a 1 non-calcareous 
loess 10-18" 
128 
LAND TYPE 355 
Moderately shallow galcial till of fine and very fine sandy loam 
overlain by loessial deposit. 
Surface 8-16 inches yellowish brown silt loam, very weakly aggregated, 
slightly sticky, slightly plastic, rapidly permeable. Subsurface 
light gray to white fine sandy loam, aggregated, slightly sticky, 
slightly plastic, moderate permeability. Rock content ranges from 
15-25 percent in the surface to 30-45 percent in the subsurface and 
the rocks are subrounded to subangular in shape and are mostly 
gravels and cobbles in size. 
This unit is generally associated with land type 353 and has been 
extensively scoured. It occurs at elevations of 3500-6000 feet. 
Slope shape is generally convex and slope gradient ranges from 
25-55 percent. 
The average annual precipitation is 40 inches or greater for this 
unit with 50 percent occurring as snow. The possibility of rain-
on-snow flooding is medium to high. Annual runoff is 20 inches or 
greater, and the peak discharge will be late in the melt season. 
The overland flow potential is medium. The evapotranspiration 
demand is medium to low and soil water stresses can be expected from 
early to mid July for this unit. 
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LAND TYPE 355 (356) (358) 
Identifying Characteristics 
slope < 50% 
Landform key depositional-glacial till 
% outcropping rock 0-25% 
bedrock control with 
drainage pattern dendritic 
stream entrenchment 
drainage density low and moderate 
frost churning moderate 
slope position and/or landform description glacial deposit-convex 
Imp!ications 
mass failure moderate 
erosion potential moderate 
drainage requirements normal 
cut slope ratio l j:l 
fill slope ratio H: 1 
CBR range 7-28 depends on rock content in till 
logging system no restrictions 
compaction factor (roads) shrink - till swell-rock oversize 
compaction potential (equipment) moderate . 
seismic needs some seismic data due to % of rock outcrop and shallow rock 
revegetation moderate 
ground water pollution potential low to moderate 
surface runoff potential medium 
road suitability moderate 
miscellaneous 
age of deposit quaternary 
plasticity si ightly 
particle size silt to boulder to bedrock 
sorting poorly 
rock content of soil 30-45% 
material metasedimentary (non-calcareous) 
loess 8-16" 
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Sample Site Locations 
SITE SECTION TOWNSHIP RANGE DETAIL 
S-1 SW 1/4 of NE 1/4 of 25 33N 32W 1.1 mi. SE on 4064 from Little Tom 
Mtn. turnoff. 110 ft. uphill from 
top of road cut. 
S-2 SW 1/4 of NE 1/4 of 25 33N 32W 190 ft. up road from S-1. 58 ft. 
uphill from top of road cut. 
S-3 SW 1/4 of NE 1/4 of 25 33N 32W 69 ft. up road from S-2. 95 ft. 
uphill from top of road cut. 
S-4 SW 1/4 of NE 1/4 of 25 33N 32W 110 ft. up road from S-3. 75 ft. 
uphill from top of roadcut. 
M-1 NW 1/4 of SW 1/4 of 23 33N 32W Road end 1.1 mi. from right turn 
off road 4654, 0.3 mi. from 
jet. oT roads 4654 and 600- 115 ft. 
downhill from road at end. 
M-2 SW 1/4 of SW 1/4 of 23 33N 32W Road end 1.1 mi. from right 
turnoff road 4651, 0.3 mi. 
from jet. of roads 4654 and 600. 
210 ft. along contour of road 
beyond road's end. 
M-3 SW 1/4 of SW 1/4 of 23 33N 32W West edge of cleorcut at road 
end, 1.1 mi. from right turnoff 
road 4654, 0.3 mi. from jet of 
roads 4654 and 600. 80 ft. east 
of upper west corner of 
clearcut and 175 ft. uphill from 
clearcut edge. 
M-4 NE 1/4 of ME 1/4 of 21 33N 32W 2.8 mi. from jet. roads 4653 and 
4653-C along 4653-C. 215 ft. 
downhill from road. 
M-5 NE 1/4 of NE 1/4 of 21 33N 32W 2.8 mi. from jet roads 4653 and 
4653-C along 4653-C. 115 ft. 
downhill from road and 53 ft. 
west along the contour. 
M-6 SE 1/4 of SE 1/4 of 16 33N 32W 4.05 mi. from jet roads 4653 and 
4653-C along 4653-C. "121 ft. 
M-7 SE 1/4 of SE 1/4 of 16 33N 32W 4.15 mi. from jet. roads 4653 and 
4653-C along 4653-C. 90 ft. 
uphill from road. 
-
uphill from road. 
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SITE SECTION TOWNSHIP RANGE 
M-8 SE 1/4 of SW 1/4 of 16 33N 32W 
F-l SW 1/4 of NE 1/4 of 25 33N 32W 
F-2 SW 1/4 of NE 1/4 of 25 33N 32W 
F-3 SW 1/4 of SW 1/4 of 23 33N 32W 
F-4 SE 1/4 of SW 1/4 of 23 33N 32W 
F-5 SE 1/4 of SW 1/4 of 23 33N 32W 
F-6 SW 1/4 of SW 1/4 of 23 33N 32W 
F-7 SW 1/4 of SE 1/4 of 16 33N 32W 
F-8 SW 1/4 of SE 1/4 of 16 33N 32W 
DETAIL 
4.15 mi. from jet. roads 4653 
and 4653-C along 4653-C. 225 
ft. uphill from the road. 
1.2 miles from Little Tom Mtn. 
road turnoff along read 4C04. 
25 ft. from top of road cut. 
1,65 miles from the Little Tom 
Mtn. road turnoff along road 
4604. 125 ft. fromtopof road cut. 
West edge of clearcut at road 
end, 1.1 mi. from right turnoff 
road 4654, 0.3 mi. from jet of 
roads 4654 and 600. 115 ft. from 
easterly edge of clearcut, 135 ft. 
uphill from upper edge of clearcut. 
West edge of clearcut at road end, 
1.1 mi. from right turnoff road 
4654, 0.3 mi. from jet. of roads 
4654 and 600. 30 ft. easterly on 
contour from upper-east corner 
of clearcut. 
West edge of clearcut at road 
end, 1.1 mi. from right turnoff 
road 4654, 0.3 mi. from jet. of 
roads 4654 and 600. 80 ft. 
downhill from upper east corner 
of clearcut and 30 ft. east 
along contour from clearcut 
boundary. 
West edge of clearcut at road 
end, 1.1 mi. from right turnoff 
road 4654, 0.3 mi. from jet. 
of roads 4654 and 600. 195 ft. 
uphill from road edge and 164 
feet from east edge of clearcut. 
3.8 mi. from jet. roads 4653 and 
4653-C along 4653-C. 100 ft. uphill 
from road. 
3.95 mi. from jet roads 4653 and 
4653-C along 4G53-C. 95 ft. 
uphill from road. 
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s-i 
Classification: Andic Dystrochrept, loamy-skeletal, mixed, frigid. 
Location: Lincoln County, MT. SWV of NE!s of Sec. 25, T33N, R32W. 
Physiographic Hill slope, 4,080 ft. (1,244 m) elevation, 
position: 
Drainage: 
Vegetation: 
Parent 
Material: 
Sampled by: 
Remarks: 
01-02 
B21 
B22 
IIA2 
11 A&8 
Topography: Slightly concave, 53% slope, N10°E aspect. 
Moderately well drained, moderate percolation, considered to have 
slow darainage for this study. 
Larix occ idental is, Thuja pi icata, Abies Sjandi^s, Pinus contorta_, 
Pseudo tsuga  n ien_z_ ies i_ i_ ,  Tsuga  he te rophy l f a ,  A lnus  s i nua ta ,  Sa l ix  
sp., Acer £l almmi, Pachistima myrsinites, Vaccinium globulare, 
Streptopus amplexifolius, V iola orbicuiata, Goodyera oblongifol ia. 
Volcanic ash over compacted glacial till. 
C. Sptizner, August 20, 1980. 
Coarse fragments rounded and subrounded throughout; rooting 
primarily in ash layers; few undergrowth plants. 
2.5-0 inches (6.35-0 cm). 
0-1.5 inches (0-3.8 cm). Very pale brown (10 YR 7/3) silt loain, 
dark yellowish brown (10 YR 4/6) moist; weak, medium, granular 
structure; soft (dry), friable (moist), slightly sticky and slightly 
plastic (wot); many very fine and fine, common medium, and few 
coarse roots; many very fine, fine, and medium vesicular 
pores; 10% gravels; acid (pH 5.7); clear, wavy boundary. 
1.5-7 inches (3.8-18 cm). Very pale brown (10 YR 7/4) silt loam, 
yellowish brown (10 YR 5/6) moist; weak, medium, granular structure; 
soft (dry), friable (moist), slightly sticky and slightly 
plastic (wet); many very fine, fine, and medium vesicular pores; 
10% gravels; acid (pH 5.8); abrupt wavy boundary. 
7-9 inches (18-23 cm). Discontinuous pockets; white (5 Y 8/1) 
gravelly silt loam, pale yellow (5 Y 7/4) moist; moderate, fine, 
subangular blocky structure; slightly hard (dry), firm (moist), 
slightly sticky and slightly plastic (wet); few very fine and fine 
roots; many very fine and fine discontinuous irregular pores; 
30% gravels, 15% cobbles; clear, broken boundary. 
7-14 inches (18-36 cm). White (5 Y 8/1) very gravelly silt loam, 
pale yellow 'c u ° / /M — — --J*' 
olive 
living \ ik' s-'W un;, fill i \ </ i «->  i / »*- ' J -jc w * i i jr j t I u i yu .
(5 Y 8/4) moist; common, medium, distinct mottles, 
(5 Y 5/4), olive brown (2.54 4/4 ) noist; moderate, medium, 
subangular blocky structure; hard (dry), very firm (moist), 
slightly sticky end plastic (wet); few, thin, silt films lining the 
interstitial pores; few very fine and fine roots; common, very 
fine and fine, and few medium discontinuous interstitial pores; 
35% gravels, 15% cobbles; acid (pH 5.2); gradual, wavy boundary. 
14-26 inches (36-66 cm). White (5 Y 8/1) very gravelly silt 
loam, light yellowish brown (2.5 Y 6/4) moist; many medium, 
distinct mottles, pale yellow (2.5 Y 7/4), olive brown (2.5 Y 
4/4) moist; strong, medium, subangular blocky structure; hard 
(dry), very firm (moist), slightly sticky and plastic (wet); 
few, thin, silt films lining interstitial pores; few very fine and 
fine roots; common very fine and fine, and few medium discontinuous 
interstitial pores; 35« gravels, 15% cobbles; acid (pH 5.1); 
clear, wavy boundary. 
26-40+ inches (66-102+ cm). Very pale hrown (10 YR 8/4) 
gravelly silt loam, yellowish brown (l'J YR 5/8) moist; strong, medium, 
subangular blocky structure; hard (dry) very firm (moist), 
slightly sticky and plastic (wet); few, thin silt flows lining 
interstitial pores; few very fine and fine roots; common 
very fine and fine, and few medium discontinuous interstitial 
pores; 25% gravels; acid (pH 5.2). 
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S-2 
Classification: Andic D.ystrochrept, coarse-silty over loamy-skeletal, mixed, frigid. 
Location: Lincoln County, MT. SW's of NEU of Sec. 25, T33N, R32W. 
Physiographic 
position: 
Topography: 
Drainage: 
Vegetation: 
Parent 
mat.erial: 
Sampled by: 
Remarks: 
01 & 02 
A2 
B21 
B22 
Hill slope, 4,080 ft. (1,244 m) elevation. 
Slightly convex, 5355 slope, H34°E aspect 
Moderately well drained, moderate percolation, considered to have 
slow drainage for this study. 
Larix occidcntal is, Thuja pljcata. Pseudotsuga inenziosji, Acer 
£l_abruin, Abies grandis, Tsuy_a heterophil la_, "AjniJs sinuata_, 
Pachistima" myrsiFiies, Rub'us"p'arvifTorus"; Viola drbiculata, 
Streptopus amp! ex if" ol i us. 
Volcanic ash over compacted glacial till. 
C. Spitzner, August 7, 1980. 
Coarse fragments rounded and subrouridcd in till but appears to be 
weathering heavily; some angular coarse fragments in the loess 
layer; most rooting in the loess layer; evidence of tree throw 
prominent; discontinuous A2, very difficult to describe; IIA2 
varies to B3 on occasion. 
1.5-0 inches (3.8-0 cm). 
0-0.5 inches (0-1.3 cm). Silt loam; weak, medium, granular 
structure; soft (dry), very friable (moist), slightly sticky and 
slightly plastic (wet); many very fine and fine, common medium 
and coarse roots, many very fine, fine, and medium vesicular 
pores; 15% gravels, 5X stones; clear, wavy boundary. 
0.5-7 inches (1.3-18 cm). Very pale brown '10 YR 7/4) gravelly 
silt loam, dark yellowish brown (10 YR 4/6) moist; weak medium 
granular structure; soft (dry), very frialile (moist), slightly 
sticky and nonplastic (wet); many very fine and fine, common 
medium and coarse roots; many very fine, fine, and medium 
vesicular pores; 15% gravels, <5% stones; acid (pH 5.7);clear 
wavy boundary. 
7-12 inches (18-30 cm). Yellow (10 YR 7/6) gravelly silt loam, 
yellowish brown (10 YR 5/5) moist; weak, medium, granular structure; 
soft (dry), very friable (moist), slightly sficky and nonplastic (wet); 
many very fine and fine, common meduim and coarse roots; many very 
fine, fine, medium, vesicular pores; 152 gravels, <5« stones; 
acid (pH 5.74); abrupt, wavy boundary. 
12-15 inches (30-38 cm). White (2.5 Y 8/2) very gravel ly s i l t  
loom, pale yel low (2.5 Y 7/4) moist;  moderate, medium, subangular 
blocky structure; s l ight ly hard (dry),  f r iable (moist) ,  s l ight ly 
st icky and plast ic (wet);  connnon f ine and few medium roots; many 
very f ine and common f ine discont inuous interst i t ia l  pores; 
50y> gravels; acid (pH 5.25);  c lear,  broken boundary. 
15-18 inches (38-46 cm). White (2.5 Y 8/2) very gravel ly s i l t  
loam, l ight gray (2.5 Y 7/2) moist;  common, f ine, faint mott les, 
l ight yel lowish brown (2.5 Y 6/4),  ol ive brown (2.5 Y 4/4) moist;  
strong, coarse to very coarse, subangular blocky structure, s l ight ly 
hard (dry),  very f i rm (moist) ,  st icky and plast ic (wet);  very 
few to few, thin s i l t  f lows in pores; few f ine and medium roots; 
many very f ine and common f ine discont inuous interst i t ia l  
pores; 55% gravels, 15% cobbles; acid (pH 5.35 ) ;  clear,  wavy boundary. 
18-34 inches (46-86 cm). White (5 Y 8/2) very gravel ly s i l t  loam, 
l ight gray (2.5 Y 7/2) moist;  common, medium, faint mott les, l ight 
ol ive brown (2.5 Y 5/4),  ol ive brown (2.5 Y 4/4) moist;  strong, 
coarse, subangular blocky structure; s l ight ly hard (dry),  very 
f i rm (moist) ,  st icky and plast ic (wot);  few, thin s i l t  f lows in 
pores; few f ine roots; many very f ine, common f ine pores; 55% 
gravels, 10% cobbles; acid (pH 5.19);  abrupt,  wavy boundary. 
34-40+ inches (86-102+ cm). White (2.5 Y 8/2) gravel ly s i l t  loam, 
pale yel low (2.5 Y 7/4) moist;  coraion, coarse, dist inct mott les, 
l ight yel lowish brown (2.5 Y 6/4),  l ight ol ive brown (2.5 Y 5/6) 
strong, very coarse subangular blocky structure; s l ight ly hard (dry),  
very f i rm (moist) ,  st icky and plast ic (wet);  few, thin s i l t  f lows in 
pores; few f ine roots; few very f ine and f ine discont inuous 
interst i t ia l  pores ;  203 gravels; acid (pH 5.20).  
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S-3 
Classif icat ion: Andic Dystrochrept,  coarse-si l ty over loamy-skeletal ,  mixed, f r igid. 
Locat ion: Lincoln County, fTT. Slf t j  of  NE% of Sec. 25, T33N, R32W. 
Physiographic 
posit ion: Hi l l  slope, 4,030 f t .  (1,244 m) elevat ion. 
Topography: 
Drainage: 
Vegetat ion: 
Parent 
material :  
Sampled by: 
Remarks: 
01 & 02 
B21 
B22 
I IA2 
Sl ight ly concave, 54% slope, N.22 E aspect.  
Moderately wel l  drained, moderate percolat ion, considered to have 
slow drainage for this study. 
Thuja pl icata, Larix occidental is,  Pseudotsuga mcnziesi i ,  Abies 
"grandis, Tsuga hcterophyl la, Afnl is s inuata, Sal jxsp.,  Acer 
gl  a brum, Pachi st inia myrsini  tes, Ros^ sp.,  CI intonia unif lora, 
Viola orbiculata, Streptopus amplexifol ius.,  Rubus parvi f lorus. 
Volcanic ash over compacted glacial  t i l l .  
C. Spitzner and G. Newman, August 21, 1980. 
Coarse fragments rounded and subrounded throughout.  
2.5-0 inches (5.4-0 cm). 
0-7 inches (0-18 cm). Pink (7.5 YR 7/4) s i l t  loarn, dark yel lowish 
brown (10 YR 4/6) moist;  weak, medium, granular structure; soft  
(dry),  very fr iable (moist) ,  s l ight ly st icky and s l ight ly plast ic;  
many very f ine, f ine, medium, and few coarse roots: many very f ine, 
f ine, medium vesicular pores; 15% gravels, <5% cobbles; acid 
(pH 5.56);  c lear,  wavy boundary. 
7-12 inches (18-30.5 cm). Very pale brown (10 YR 7/4) s i l t  
loam, dark yel lowish brown (10 YR 4/6) moist;  weak, medium, granular 
structure; soft  (dry),  very f r iable (moist) ,  s l ight ly st icky and 
s l ight ly plast ic (wet);  many very f ine, f ine, medium,and few coarse 
roots; many f ine, very f ine, medium vesicular pores; 15% gravels; 
acid (pH 5.91);  abrupt,  wavy boundary. 
12-18 inches (30.5-46 cm). White (10 YR 8/2) gravel ly sandy loam, 
pale yel low (2.5 Y 7/4) moist;  moderate, f ine, subangular blocky 
structure; s l ight ly hard (dry),  f i rm (moist) ,  s l ight ly st icky and 
s l ight ly plast ic (wet);  few, thin s i l t  f lows in pores; common f ine 
and few medium roots; many f ine and common medium discont inuous 
i rregular pores; 30% gravels, 15% cobbles; acid (pH 5.66);  clear 
v/avy boundary. 
18-31 inches (46-79 cm). White (10 YR 8/2) very gravel ly s i l t  loam, 
l ight yel lowish brown Y 6/4) moist;  common, medium, dist inct 
mott les, pale brown (10 YR 6/3),  dark yel lowish brown (10 YR 4/6) 
moist;  strong, medium, subangular blocky structure; hard (dry),  very 
f i rm (moist) ,  st icky and plast ic (wet);  few, thin s i l t  f lows in 
pores; few f ine and medium roots; many f ine and common medium dis­
cont inuous i rregular pores; 3b% gravels, 20% cobbles, acid (pH 4.98) 
gradual wavy boundary. 
31-40+ inches (46-102+ on).  White (2.5 Y 8/2) gravel ly s i l t  loam, 
pale yel low (2.5 Y 7/4) moist;  many, coarse, dist inct mott les, l ight 
yel lowish brovn (10 YR 6/4),  yel lowish brown (10 YR 5/4) moist;  
strong, medium, subangular blocky structure; hard (dry),  very 
f i rm (moist) ,  st icky and plast ic (wet);  few, thin s i l t  f lov/s in 
pores; no roots; many f ine and common medium discont inuous 
i rregular pores; 302! gravels, 15% cobbles; acid (pH 5.22).  
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S-4 
Classif icat ion: Andic Dystrochrept,  loamy-skeletal ,  mixed, f r igid. 
Locat ion: Lincoln County, MT SW'a of  NE'a of  Sec. 25, T33N, R32W. 
Physiographic 
posit ion: Hi l l  slope, 4,080 f t .  (1,244 n) elevat ion. 
Topography: Sl ight ly concave, 56% slope, N18°E aspect.  
Drainage: 
Vegetation: 
Parent 
material: 
Sampled by: 
Remarks: 
0U02 
621 
B22 
IIA2 
IIA&B 
Moderately wel l  drained, moderate percolat ion, considered to have 
slow drainage for this study. 
Ihuj_a_ pl jcata, Lr. jHx occidental  is,  Pseudotsuga menzjesjH, Abies 
grandis",  A' lnu's s irmata, Acer glabrurn, Sal ix sp.,  Tsuga heterophyl la. 
Volcanic ash over compacted glacial  t i l l .  
C. Spitzner, August 22, 1980. 
Coarse fragments rounded and subrounded; s l ight ly more clay than 
other S-pits;  root ing heaviest at  lower edge of B22; some cont inue 
downward along rock faces and through cracks. 
3-0 inches (7.6-0 cm). 
0-3 inches (0-7.6 cm). Pink (7.5 YR 7/4) s i l t  loam, dark brown 
(7.5 YR 3/4) moist;  weak, medium, granular;  soft  (dry very f r iable) 
(moist) ,  s l ight ly st icky and s l ight ly plast ic (wet);  many very 
f ine, f ine, medium, and common coarse roots; many very f ine, f ine, 
and medium vesicular pores; 10% gravels, <51 cobbles; acid (pH 
5.60);  c lear,  wavy boundary. 
3-9 inches (7.6-23 cm). Very pale brown (10 YR 7/3) s i l t  loam, 
dark yel lowish brown (10 YR 4/6) moist;  weak, medium, granular 
structure; soft  (dry),  very f r iable (moist) ,  s l ight ly st icky and 
s l ight ly plast ic (wet);  many very f ine, f ine, medium, and common 
coarse roots; many very f ine, f ine, and medium vesicular pores; 
10% gravels, <5% cobbles; acid (pH 5.49);  abrupt,  wavy boundary. 
9-14 inches (23-36 cm). White (10 YR 8/2) gravel ly sandy loam, 
l ight yel lowish brown (10 YR 6/4) moist;  moderate, medium subangular 
blockystructure; s l ight ly hard (dry),  f i rm (moist) ,  nonst icky and 
s l ight ly plast ic (wet);  common very f ine, f ine, medium, and few coarse 
roots; many very f ine, common f ine and medium discont inuous i rregular 
pores; 25% gravels, 10% cobbles; acid (pH 5.04);  clear,wavy boundary. 
14-20 inches (36-51 cm). White (10 YR 8/2) gravel ly s i l t  loam, pale 
yel low (2.5 Y 4/4) moist;  few, f ine, faint mott les, l ight ol ive brown 
(2.5 Y 5/4),  ol ive brown, (2.5 Y 4/4) moist;  strong, medium, subangular 
blocky structure; hard (dry),  f i rm (moist) ,  s l ight ly st icky and 
plast ic (wet);  few, thin s i l t  f lows in pores; common very f ine and 
f ine roots; many very f ine and f ine, and common medium discont inuous 
interst i t ia l  pores; 30% gravels, 102 stones, 15fc cobbles; acid (pH 5.17);  
gradual,  wavy boundary. 
20-31 inches (51-79 cm). White (2.5 Y 8/2) gravel ly s i l t  loam, pale 
yel low (2.5 Y 7/4) moist;  common, f ine, dist inct mott les, 
l ight ol ive brown (2.5 Y 5/6),  ol ive brown (2.5 Y 4/4) moist;  
strong, medium, subangular blocky structure; hard (dry),  f i rm 
(moist) ,  s l ight ly st icky and plast ic (wet);  few, thin s i l t  
f lows in pores; few very f ine and f ine roots; many very f ine, 
common f ine and medium discont inuous interst i t ia l  pores; 
15% cobbles, 15% stones, 30% gravels; acid (pH 5.11);  gradual,  
wavy boundary. 
31-41+ inches (79-104+ cm). Pale yel low (2.5 Y 8/4) gravel ly s i l t  
loam, l ight yel lowish brown (2.5 Y 6/4) moist;  many, medium, 
dist inct mott les, yel lowish brown (10 YR 5/8),  dark yel lowish 
brown (10 YR 3/6) moist;  strong, medium, subangular blccky structure 
hard (dry),  very f i rm (moist) ,  st icky and plast ic (wet);  few, 
thin s i l t  f lows in pores; very few, thin clay f lows in pores; 
few very f ine and f ine roots; common f ine and medium discont inuous 
interst i t ia l  pores; 15% cobbles, 15% stones, 30% gravels; 
acid (pH 4.92).  
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M-l 
Classif icat ion: Andic Dystrochrept,  loamy-skeletal ,  mixed, f r igid. 
Locat ion: Lincoln County, MT. NW?« of  SWs of  Sec. 23, T33N, R32W. 
Physiographic 
posit ion: Hi l l  slope, 3,920 f t .  (1,195 m) elevat ion. 
Topography: 
Drainage: 
Vegetat ion: 
Parent 
material :  
Sampled by: 
Remarks: 
01&02 
A2 
B21 
B22 
Slight ly convex, 44% slope, N28 W aspect.  
Moderately wel l  drained, moderate percolat ion, considered to have 
moderate drainage for this study. 
Larix occidental ism Pseudolsuga menziesi '1,  Thuja pl icdta, Picea 
engelmanni iTsuga heterophy 11 a,  Sa 1 iy sp.,  Arnica cordifc l ia,  
Pachist ima myrsini tes, Ruiujs pqryi j jorus, l . innaea boreal is,  
t i imaphita umbel lata ,  Vi o~ta "orbicu 1 a ta~, "Listera sp. .Cl into'nia 
"unif lora, Ri 'bes sp.,  Spirca bctul i tol ia,  Pj^roja^sp.,  Menziosia 
ferr ugiTica, "Vaccinium globulare, Vacc' inium caespi tasufn, Pter idium 
aqui l i  r i iu in. 
Volcanic ash over glacial  t i l l .  
C. Spitzner, August 29, 1980. 
Angular,  subangular,  and subrounded coarse fragments throughout;  
root ing pr imari ly in the loess horizons with some penetrat ion 
through the A22 where restr ict ion occurs. 
3-0 inches (7.6-0 cm). 
0-1.5 inches (0-4 cm). White (7.5 YR 8/0) sandy loam, gray to l ight 
gray (10 YR.6/1) moist;  weak, medium, granular structure; soft  (dry),  
very fr iable (moist) ,  s l ight ly st icky and nonplast. ic (wet);  many 
very f ine and f ine roots; many very f ine, f ine, and medium 
vesicular pores; <10% gravels; acid (pH 4.31);  c lear wavy boundary. 
1.5-7 inches (4-18 cm). Brownish yel low (10 YR 5/6) cobbly 
s i l t  loam, dark yel lowish brown (10 YR 3/6) moist;  weak, medium, 
granular structure; soft  (dry),  very f r iable (moist.) ,  s l ight ly st icky 
and sl ight ly plast ic (wet);  many very f ine, f ine, medium, and 
coarse roots; many very f ine, f ine, medium vesicular pores; 10% 
gravels, 25% cobbles; ar. id (pH 4.92);  c lear,  wavy boundary. 
7-12 inches (18-30.5 cm). Light yel lowish brc\ n (10 YR 6/4) 
cobbly s i l t  loam, dark yel lowish brown (10 YR 4/6) moist;  weak, medium, 
granular structure; soft  (dry),  very f r iable (moist) ,  s l ight ly 
st icky and sl ight ly plast ic (wet);  i . iany very f ine, f ine, medium 
and few coarse roots; many very f ine, f ine, and medium vesicular 
pores; 20% gravels, 202 cobbles; acid (pH 5.06);  abrupt,  wavy boundary. 
12-18 inches (30.5-46 cm). White (10 VR 8/2) very gravel ly sandy 
loam, l ight yel lowish brown (2.5 Y 6/4) moist;  weak, medium, subangul 
blocky structure; soft  (dry),  f r iable (moist) ,  s l ight ly st icky and 
nonplast ic (wet);  common very f ine and f ine, and few medium roots; 
many very f ine, f ine, medium discont inuous interst i t ia l  pores; 
acid (pH 4.7);  clear i rregular boundary. 
18-33 inches (46-84 cm). White (2.5 Y 8/2) cobbly sandy loam, 
l ight yel lowish brown (2.5 Y 6/4) moist;  moderate, coarse, granular 
structure; soft  (dry),  f r iable (moist) ,  s l ight ly st icky and non-
plast ic (wet);  common very f ine, f ine, medium roots; many very 
f ine, f ine, medium discont inuous interst i t ia l  pores; 202 gravels, 
5C% cobbles, 10« stones; acid (pH 4.69);  clear i rregular boundary. 
33-40+ inches (84-102*cm). White (5 Y 8/1) cobbly s i l t  loam, l ight 
yel lowish brown (2.5 Y 6/4) moist;  many medium to coarse, dist inct 
mott les, l ight yel lowish brown (10 YR 6/4),  yel lowish brown (10 YR 
5/4) moist;  moderate, medium, subangular blocky structure; hard 
(dry),  f i rm (moist) ,  s l ight ly st icky and s l ight ly plast ic (wet);  
common, moderately thick s i l t  f lows l in ing pores; few 
very f ine and f ine roots, many very f ine, f ine,medium discont inuous 
i rregular pores; 10% gravels, 50% cobbles, 10% stones; acid 
(pH 4.78).  
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M-2 
Classif icat ion: Andic Eutrochrept,  coarse-loamy over loamy-skeletal ,  mixed, f r igid. 
Locat ion: Lincoln County, MT. SW'-a of  SWV, of  Sec. 23, T33N, R32W. 
Physiographic 
posit ion: Hi l l  slope, 3,960 f t .  (1,207 m) elevat ion. 
Topography: Sl ight ly concave, 36% slope, N16°E aspect.  
Drainage: 
Vegetat ion: 
Parent 
material :  
Sampled by: 
Remarks: 
01+02 
A2 
B21 
B22 
Moderately wel l  drained, moderately rapid percolat ion, considered 
to have moderate drainage for this study. 
Tsuga^ hrterophyl l j ,  Pseudotsuga rnenziesi i ,  Larix occidental is,  
Pfnus contorta, Thuja pl icata, Picea c-ngelmanni i ,  Alnus sinuata, 
Cl intonia ur i i f lora, Pachist ima myrsini tcs, Arnica cardifol  ia,  
Linnaea boreal is,  Viola orbiculata. Vucci_njurn ci jobujare, Listera 
sp.,  Goodyera oblongi fol  ia ,  Rubus parvi f lorus, Henziesia " ferruginia, 
P.yrola sp.,  Chimaphi la umbel!ata, Ribes sp.,  Pter idium aqui l inium. 
Volcanic ash over glacial  t i l l .  
C. Spitzner, August 28, 1980. 
Al l  coarse fragments rounded, subrounded, or subangular;  
root ing pr imari ly above the loess—subsoi l  interface. 
1.5-0 inches (3.3-0 cm) 
0-0.5 inches (0-1.3 cm). White (10 YR 8/1) s i l t  loam, gray (10 
YR 5/1) moist;  weak, medium, granular structure; soft  (dry),  
very fr iable ( inoist) ,  s l ight ly st icky and s l ight ly plast ic (wet);  
many very f ine, f ine, medium roots; many very f ine, f ine, medium 
vesicular pores; acid (pH 4.88);  abrupt,  broken boundary. 
0.5-6 inches (1.3-15 cm). Very pale brown (10 YR 7/4) cobbly s i l t  
loam, dark yel lowish brown (10 YR 3/6) moist;  weak, medium, granular 
structure; soft  (dry),  very f r iable (moist) ,  s l ight ly st icky and 
s l ight ly plast ic (wet);  many very f ine, f ine, medium and coarse 
roots; many very f ine, f ine, medium vesicular pores; 10% gravels, 
20% cobbles; acid (pH 5-31);  c lear,  wavy boundary. 
6-12 inches (15-30-5 cm). Very pale brown (10 YR 7/4) cobbly s i l t  
loam, dark yel lowish brown (10 YR 4/6) moist;  weak, medium, 
granular structure; soft  (dry),  very fr iable (moist) ,  s l ight ly 
st icky and sl ight ly plast ic (wet);  many very f ine, f ine, medium, 
and few coarse roots; many very f ine, f ine, medium vesicular pores; 
10% gravels, 20% cobbles; acid (pH 5-06);  abrupt,  wavy boundary. 
12-19 inches (30.5-48 cm). White (2.5 Y 8/2) very gravel ly sandy 
loam, pale yel low (2.5 V 7/4) moist;  weak, f ine subangular blocky 
structure; soft  (dry),  f r iable (moist) ,  s l ight ly st icky and s l ight ly 
plast ic (wet);  common very f ine and f ine, and few medium roots; 
mony very f ine, f ine, and medium discont inuous i rregular pores; 
35% gravels, 25% gravels, <5% stones; acid (pH 5-51);  c lear wavy boundary. 
19-27 inches (48-69 cm). White (2.5 Y 8/2) very cobbly sandy loam, 
l ight yel lowish brown (2.5 Y C/4) moist;  weak, medium, subangular 
blocky structure; s l ight ly hard (dry),  f i rm (moist) ,  s l ight ly st icky 
and sl ight ly plast ic (wet);  few, thin s i l t  f lows in pores; few very 
f ine and f ine roots; many very f ine, f ine, medium discont inuous 
i rregular pores; 252 gravels, 40% cobbles; acid (pH 5.35);  
c lear,  wavy boundary. 
27-40+ inches (69-102+ cm). White (2.5 Y 8/2) very cobbly sandy 
loam, l ight yel lowish brown (2.5 Y 6/4) moist;  common, f ine, 
dist inct mott les, reddish yel low (7.5 YR 7/6),  dark brown 
(7.5 YR 3/4) moist;  moderate, modi urn, subangular blocky structure; 
s l ight ly hard (dry),  f i rm (moist) ,  s l ight ly st icky and s l ight ly 
plast ic (wet);  common, thin s i l t  f lows in pores; few very f ine and 
f ine roots; common very f ine and many f ine and medium discont inuous 
i rregular pores; 20% gravels, 45% cobbles; acid (pH 6.25).  
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M-3 
Classif icat ion: Andic Dystrochrept,  coarse-si l ty over loamy-skeletal ,  mixed, f r igid. 
Locat ion: Lincoln County, MT. SW'i  of  SW'i  of  Sec. 23, T33N, R32W. 
Physiographic 
posit ion: Hi l l  slope, 4,200 f t .  (1,280 m) elevat ion. 
Topography: Sl ight ly convex, 41" slope, N48°W aspect.  
Drainage: 
Vegetat ion: 
Parent 
material :  
Sampled by: 
Remarks: 
018.02 
A2 
B2 
B3 
Moderately wel l  drained, moderately rapid percolat ion, considered 
to have moderate drainage for this study. 
Larix occidental  is,  Pinus_ contorta, Pseudotsucja^ menziesi i  Thuja 
pi icata, Tsuja_ heterophyl la, £icea engelmanni i  Sal ix sp.,  
Alnus sinuata, Pyroja sp.,  Arnica "cordi fol  ia ,  Ljs_tera_ sp.,  Pachist ima 
myrisnites, Viol  a orbiculata, Epi lobium angust i ' fol  ium, Shepherdia 
canadensis, Menziesia ferruginea, kibes sp.,  Rubus parvi f lorus, 
Spir ia betul i fol ia,  Linnaea boreal i  s,  Goodyera oblongifol ia.  
Volcanic ash over glacial  t i l l .  
C. Spitzner, August 27, 1980 
Pronounced tonguing in IIB&A, possibly a result  of  animal act iv i ty;  
root ing pr imari ly above the B3. 
1.5-0 inches (3.8-0 cm) 
0-0.5 inches (0-1.3 cm). White (10 YR 8/1) s i l t  loam, grayish brown 
(10 YR 5/2) moist;  weak, medium, granular structure; soft  (dry),  
very fr iable (moist) ,  s l ight ly st icky and s l ight ly plast ic (wet);  
many very f ine and common f ine roots; many very f ine and f ine vesicular 
pores; acid (pH 4.01);  abrupt,  broken boundary. 
0.5-9 inches (1.3-23 cm). Light yel lowish brown (10 YR 6/4) 
s i l t  loam, dark yel lowish brown (10 YR 4/4) moist;  weak, medium, 
granular structure; soft  (dry),  vety f r iable (moist) ,  s l ight ly st icky 
and sl ight ly plast ic (wet);  many very f ine, f ine, medium, and 
coarse roots; many very f ine, f ine, medium vesicular pores; 
102 gravels; acid (pH 4.80);  abrupt,  wavy boundary. 
9-11 inches (23-28 cm). White (10 YR 8/2) s i l t  loam, pale brown 
(10 YR 6/3) moist;  weak, medium, granular to subangular blocky structure; 
soft  (dry),  f r iable (moist) ,  s l ight ly st icky and s l ight ly plast ic 
(wet);  common very f ine and f ine, and few medium roots; many very 
f ine, f ine, and medium vesicular porn:;  ;  10% gravels; acid (pl i  5.05);  
abrupt,  broken boundary. 
11-12 inches (28-30.5 cm). White (2.5 Y 8/2) gravel ly sandy loam, 
l ight yel lowish brown (2.5 V 6/4) moist;  weak, f ine, subangular blocky 
structure; soft  (dry),  f r iable (moist) ,  s l ight ly st icky and s l ight ly 
plast ic (wet);  common very f ine and few f ine roots; many very f ine and 
f ine, and cormon medium i rregular discont inuous pores; 25" gravels; 
acidic (pH 5.16);  c lear,  broken boundary. 
12-19 inches (30.5-48 cm). White (2.5 Y 8/2) gravel ly sandy loam, 
l ight gray (2.5 Y 7/2) moist;  weak, medium, subangular blocky structure; 
s l ight ly hard (dry),  f i rm (moist) ,  s l ight ly st icky and sl ight ly 
plast ic (wot);  very few, thin s i l t  f i lms in pores; few very f ine and 
f ine roots; many very f ine, f ine, and medium discont inuous interst i t ia l  
pores; 255! gravels, <10% cobbles; acid (pH 5.10);  c lear,  wavy boundary. 
19-31 inches (48-79 cm). White (2.5 Y 8/2) very gravel ly sandy loam, 
pale yel low (2.5 Y 7/4) moist;  many, f ine, dist inct mott les, l ight 
yel lowish brown (2.5 Y 6/4),  l ight ol ive brown (2.5 & 5/4) moist;  
moderate, medium, subangular blocky structure; s l ight ly hard (dry),  
f i rm (moist) ,  s l ight ly st icky and s l ight ly plast ic (wet);  few, 
thin s i l t  f i lms in pores; few very f ine and f ine roots; many very f ine, 
f ine, and medium i rregular discont inuous pores; 35% gravels, 
20% cobbles, 10% stones; acid (pH 5.03);  c lear,  wavy boundary. 
31-40+ inches (79-102+ cm). White (2.5 Y 8/2) very gravel ly s i l t  loam, 
l ight yel lowish brown (2.5 Y 6/4) moist;  strong, medium, subangular 
blocky structure; hard (dry),  f i rm (moist) ,  s l ight ly st icky and 
plast ic (wet);  common thin s i l t  f i lms in pores; no roots; common 
very f ine, many f ine and medium ,  few coarse discont inuous 
i rregular pores. 35% gravels, 10% cobbles; acid (pH 5.39).  
24-34 inches (61-86 cm). White (5 Y 8/1) gravel ly sandy loam, l ight gray 
(2.5 Y 7/2) moist;  common, f ine, dist inct mott les, l ight yel lowish 
brown (10 YP, 6/4),  dark yel lowish brown (2.5 Y 3/6) moist,  weak, f ine 
subangular blocky structure; soft  (dry),  f r iable (moist) ,  s l ight ly 
st icky and s l ight ly plast ic (wet);  common very f ine and f ine roots; 
many very f ine, f ine, moderate discont inuous i rregular pores; 
20% gravels, acid (pH 4.82).  
150 
M-4 
Classif icat ion: 
Location: 
Physiographic 
posit ion: 
Topography: 
Drainage: 
Vegetat ion: 
Parent 
material: 
Sampled by: 
Remarks: 
01+02 
A2 
B21 i r 
B22 
B23 
Eutr ic Glossoboralf ,  coarse-si l ty over loamy-skeletal ,  mixed, f r igid. 
Lincoln County, NTT. NE' i  of  ME'i  of  Sec. 21, T33N, R32W. 
Upper val ley slope, 4,320 f t .  (1,317 m) elevat ion. 
Sl ight ly convex, 432 slope, N60°E aspect.  
Moderately wel l  drained, moderately rapid percolat ion, considered 
to have moderate drainage for this study. 
Larix occidental  is,  Psoudotsuga menziesi i ,  Pint i*  contorta, Thuja 
pi  icata, Pi_ce_a_ i i i^elmannn ,  AbTes grandis, Arni_ca cordi jol ja,"  
Pachist ima myrisimtes, CI intor i ia imif lora, Vacci_niur i i  g lobulare, 
Shepherdia canadensis, Rubus parvi f lorus, C hi  ma phi 1 a "umbel 1 ata ,  
Linr iea boreal is,  Gcwjyera_ oblonqi fol  ia,  Streptopus amplexifol  ius, 
Viola orbiculata, "kosa sp.,  Pter idium aqui 1 iniurn. 
Volcanic ash over glacial  t i l l .  
C. Spitzner, August 6,  1980. 
Coarse fragments are subangular and subrounded; pr imary root ing 
is above I IA2, but f ine roots do go further down; t ree throw common 
in this area. 
1-0 inches (2.5-0 cm). 
0-1 inches (0-2.5 cm). Si l t  loam; weak, medium, granular structure; 
very fr iable (moist) ,  s l ight ly st icky and s l ight ly plast ic (wet);  
many very f ine and f ine roots; many very f ine, f ine, and medium 
vesicular pores; acid (pH 4.72);  abrupt,  broken boundary. 
1-2 inches (2.5-5.1 cm). Pale brown (10 YR 5/3) s i l t  loam, dark 
yel lowish brown (10 YR 3/4) moist;  weak, medium, granular structure; 
very f r iable (moist) ,  s l ight ly st icky and sl ight ly plast ic (wet);  
many very f ine and f ine roots; many very f ine, f ine, and medium 
vesicular pores; acid (pl l  5.30);  abrupt,  broken boundary. 
2-5 inches (5.1-12.7 cm). Very pale brown (10 YR 8/4) s i l t  loam, 
dark yel lowish brown (10 YR 3/6) moist;  weak, medium, granular structure; 
very fr iable ( inoist) ,  s l ight ly st icky and s l ight ly plast ic (wet);  
many very f ine, f ine, and medium, and common coarse roots; many 
very f ine, f ine, medium vesicular pores; 5^ gravels, 5% cobbles; 
acid (pH 5.8);  abrupt,  wavy boundary. 
5-8.5 inches (12.7-21.6 cm). Very pale brown (10 YR 7/4) s i l t  loam, 
dark yel lowish brown (10 YR 4/6) moist;  weak, medium, granular structure; 
very f r iable (moist) ,  s l ight ly st icky and s l ight ly plast ic(we:t) ;  many very 
f ine, f ine, and medium, and common coarse roots; many very f ine, 
f ine, medium vesicular pores; 52 gravels, b% cobbles; acid (pH 5-98);  
c lear,  wavy boundary. 
8.5-12 inches (21.6-30 en).  Very pale brown (10 YR 7/4) gravel ly 
s i l t  loam, dark yel lowish brown (10 YK 1/6) moist;  weak, medium, 
granular structure, f r iable (moist) ,  s l ight ly st icky and s l ight ly 
plast ic (wet);  many very f ine, f ine, and medium, and common coarse 
roots; many very f ine, f ine, and medium vesicular pores; 20% 
gravels; acid (pi !  5.98);  c lear,  wavy boundary. 
12-16 inches (30.5-40-6 cm). White (2.5 Y 8/2) gravel ly s i l t  loam, 
l ight yel lowish brown (2.5 Y 6/4) moist;  moderate, medium, subangular 
blocky structure; f r iable (moist) ,  s l ight ly st icky and s l ight ly 
plast ic (wet);  common very f ine, f ine, and medium, 3nd few coarse 
roots; many very f ine and common f ine discont inuous i rregular pores; 
25% gravels, 10% cobbles; acid (pH 5.78);  abrupt,  wavy boundary. 
16-19 inches (40.6-48 cm). White (2.5 Y 8/2) gravel ly s i l t  loam, 
pale yel low (2.5 Y 7/4) moist;  strong, coarse, subangular blocky 
structure; f i rm (moist) ,  st icky, plast ic (wet);  very few,thin clay 
skins in pores; few very f ine, f ine, medium roots; common very f ine 
and medium and many f ine discont inuous i rregular pores; 30% gravels, 
15% cobbles, 151 stones; acid (pK 5.55);  c lear,  wavy boundary. 
19-29 inches (48-74 cm). White (2.5 Y 8/2) gravel ly s i l t  loam, 
pale yel low (2.5 Y 7/4) moist;  many,f ine, faint mott les, pale 
yel low (2.5 Y 7/4),  l ight ol ive brown (2.5 Y 5/4) moist;  moderate, 
medium, subangular blocky structure; f i rm (moist) ,  s l ight ly st icky 
and s l ight ly plast ic (wet);  few, thin s i l t  f lows in pores; many very 
f ine and few f ine roots on rock faces; common very f ine and 
medium, and many f ine irregular pores; 30V gravels, lOS cobbles, 
10% stones; acid (pH 5.3);  c lear,  wavy boundary. 
29-41+ inches (74-104+cm). White (2.5 Y8/2) gravel ly s i l t  loam, pale 
yel low (2.5 Y 8/4) moist;  common, medium, dist inct mott les, brownish 
yel low (10 YR 6/6),  yel lowish brown (10 YR 5/8) moist;  moderate, 
medium, subangular blocky structure; f i rm (moist) ,  s l ight ly st icky 
and s l ight ly plast ic (wet);  few, thin s i l t  f lows in pores; 
no roots; common very f ine and f ine, and few medium discont inuous 
i rregular pores; 30% gravels, 15% cobbles, 10% stones; acid (pl l  5.2).  
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M-5 
Classif icat ion: Aridic Dystrochrept,  coarse-si l ty over loamy-skeletal ,  mixed, f r igid. 
Locat ion: Lincoln County, MT. NE'4  of NE-' i  of  Sec. 21, T.33N, R32W. 
Physiographic 
posit ion: Hi l l  slope, 4,360 f t .  (1,329 m) elevat ion. 
Topography: Sl ight ly convex, 40% slope, N42°E aspect.  
Drainage: 
Vegetat ion: 
Parent 
material :  
Sampled by: 
Remarks: 
01 &02 
B1 
B21 
B22 
Moderately wel l  drained, moderately rapid percolat ion rate, 
considered to have moderate drainage for this study. 
Larix occidental  is,  Pinus contorta, Pseudotsuga menziesi i ,  
f jcea en^anVn, Thuja pl icata, Ainu's s inuata, SalJ_x sp. 
Arnica cordifol ia,  Rubus parvi f torus, Cl intonia unif tora, 
Good^era oblongifol ia,  Viola orbicuTata, Linnaea boreal is,  
Pachist ima myrsini tes, Vaccinium giobulare, Pter idium aqui l  inium. 
Volcanic ash over glacial  t i l l .  
C. Spitzner, September 9,  1980. 
Al l  course fragments are subangular to subrcunded; structure in 
the I IB2 horizon may be exhibi t ing weak plat iness. 
2-0 inches (5.1-0 cm) 
0-1 inches (0-2.5 cm). Yel low (10 YP, 8/6) s i l t  loam, dark yel lowish 
brown (10 YR 4/6) moist;  weak, medium, granular structure; soft  
(dry),  very f r iable (moist) ,  s l ight ly st icky and s l ight ly plast ic 
(wet);  many very f ine, f ine, and medium roots; many very f ine, f ine, 
and medium vesicular pores; acid (pH 5.14);  c lear,  wavy boundary. 
1-7 inches (2.5 -  18 cm). Very pale brown (10 YR 7/4) s i l t  loam, 
dark yel lowish brown (10 YR 4/6) moist;  weak, medium, granular 
structure; soft  (dry) very fr iable (moist) ,  s l ight ly st icky and 
s l ight ly plast ic (wet);  many very f ine, f ine, medium and coarse 
roots; many very f ine, f ine, arid medium vesicular pores; 10% gravel;  
acid (pH 5.95);  gradual,  wavy boundary. 
7-14 inches (18-36 cm). Very pale brown (10 YR 7/4) s i l t  loam, 
yel lowish brown (10 YR 5/6) moist;  weak, medium, granular structure; 
soft  (dry),  very f r iable (moist)  s l ight ly st icky and s l ight ly 
plast ic (wet);  many very f ine, f ine, and medium, ar id common coarse 
roots; many very f ine, f ine, and medium vesicular pores; 103 gravel;  
acid (pH 5.70);  abrupt,  wavy boundary. 
14-17 inches (36-43 cm) White (2.5 Y 8/2) very gravel ly loamy 
sand, pale yel low (2.5 Y 7/4) moist;  moderate medium granular to 
weak f ine subangular blocky structure; soft  (dry),  f r iable (moist) ,  
s l ight ly st icky and s l ight ly plast ic (wet);  many very f ine and 
f ine roots; common very f ine and many f ine discont inuous i rregular 
pores; 60% gravel;  acid (pH 5.36);  c lear,  wavy boundary. 
17-24 inches (43-61 cm). White (2.5 Y 8/2) very gravel ly sandy loam 
l ight gray (2.5 Y 7/2) moist;  moderate, medium, subangular blocky 
structure; s l ight ly hard (dry),  f i rm (moist) ,  s l ight ly st icky and 
s l ight ly plast ic (wet);  few, thin s i l t  f lows in pores; few very f ine 
f ine, medium roots; few very f ine, common f ine discont inuous 
i rregular pores; 55% gravel,  10% cobbles; acid (pH 5.18);  
gradual,  wavy boundary. 
24-36 inches (61-91 cm). White (2.5 Y 8/2) very gravel ly s i l t  
loam, l ight gray (2.5 Y 7/2) moist;  few, medium, dist inct mott les, 
l ight yel lowish brown (2.5 Y 6/4),  l ight ol ive brown (2.5 Y 5/6) 
moist;  moderate, medium, subangular blocky structure; s l ight ly hard 
(dry),  f i rm (moist) ,  s l ight ly st icky and s l ight ly plast ic (wet);  
few, moderately thick s i l t  f lows in pores and as br idges; few very 
f ine and f ine roots; common f ine irregular discont inuous pores; 
55% gravels, 15% cobbles; acid (pH 4.99);  c lear,  wavy boundary. 
36-42+ inches (91-107+ cm). White (2.5 Y 8/2) very gravel ly 
s i l t  loam, pale yel low (2.5 Y 7/4) moist;  common, coarse, dist inct 
mott les, l ight yel lowish brown (2.5 Y 6/4),  l ight ol ive brown 
(2.5 Y 5/4) moist;  moderate, coarse, subangular blocky 
structure; s l ight ly hard (dry),  f i rm (moist) ,  st icky and plascic 
(wet);  common, moderately chick s i i t  f lows on ped faces and in 
pores; no roots; few f ine discont inuous i rregular pores; 50% 
gravels, 10% cobbles; a.cid (pH 4.87).  
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M-6 
Classif icat ion: Andic Dystrochrept,  c.oarse-si l ty over loamy-skeletal ,  mixed, f r igid. 
Locat ion: Lincoln County, MT. SE' i  of  SE^ of Sec. 16, T33N, R32W. 
Physiographic 
posit ion: Hi l l  slope, 4,600 f t .  (1,402 m) elevat ion. 
Topography: Sl ight ly convex, 39% slope, N16°W aspect.  
Drainage: 
Vegetation: 
Parent 
material: 
Sampled by: 
•Remarks: 
01 &02 
A2 
B21 
B22 
Moderately wel l  drained, moderately rapid percolat ion, considered 
to have moderate drainage for this study. 
LaHx occidental  is,  Pinus contorta, Fset idotsuga mon?iesi i ,  
Pir ius i ront icolor,  Thuja pl icata, Picea enqelmanni i ,  Tsuga_ 
" f jetefopf iyT la ,  Alnus'sinuaTai Sa 1 fx "sp77<'rnTca cordfTol la,  Viola 
orbiculata, Pachi st ima myrsini  tes. Lirm3_ea_ boreal is,  CI intonia 
unif  l_o_ra_, V^ccunum globulare, Rub us" parvi f lorus, "Goodyera 
obTongifol  ia,  "Pyrola sp.,  Henziesia ferruginea Ptori"dium aqui l  inium. 
Volcanic ash over glacial  t i l l .  
C. Spitzner, September 8,  1980. 
From the I IA2 horizon downward, coarse fragments are pr imari ly 
subangular or subrounded; horizon separat ion in the glacial  t i l l  is 
based heavi ly on structural  changes. 
1.5-0 inches (3.8-0 cm). 
0-0.5 inches (0-1.3 cm). Light gray (10 YR 7/1) s i l t  loam, dark 
grayish brown (10 YR 4/2) moist;  weak, medium, granular structure; 
soft  (dry)-,  very f r iable (moist) ,  s l ight ly st icky and s l ight ly plas­
t ic (wet);  many very f ine and f ine roots; many very f ine, f ine, 
and medium vesicular pores; acid (pH 4.92);  abrupt,  broken boundary. 
0.5-7 inches (1.3-18 cm). Very pale brown (10 YR 7/4) gravel ly 
s i l t  loam, dark yel lowish brown (10 YR 4/4) moist;  weak, medium, 
granular structure; soft  (dry),  very fr iable (moist) ,  s l ight ly 
st icky and s l ight ly plast ic (wet);  many very f ine, f ine, and 
medium, and common coarse roots; many very f ine, f ine, and medium' 
vesicular pores; 15f.  angular gravels; acidic (pH 5.56);  gradual,  
wavy boundary. 
7-12 inches (18-30.5 cm). Very pale brov.n (10 YR 8/4) gravel ly s i l t  
loam, yel lowish brown (10 YR 5/4) moist;  weak, medium, granular 
structure; soft  (dry),  very fr iable (moist) ,  s l ight ly st icky and 
s l ight ly plast ic (wet);  many very f ine, f ine, and medium, and 
common coarse roots; many very f ine, f ine, and medium vesicular 
pores; 15% angular gravels; acid (pl l  5.23);  abrupt,  wavy boundary. 
12-16 inches (30-5-11 cm). Pale yel low (2.5 Y 8/4) moist;  very 
gravel ly s i l t  loam; weak, f ine, subangular blocky structure; soft  
(dry),  f r iable (moist) ,  s l ight ly st icky and s l ight ly plast ic (wet);  
common, thin s i l t  f i lms in pores; common very f ine and f ine, and 
few medium roots; many very f ine and f ine discont inuous i rregular 
pores; 45X gravels; acid (pH 4.66) gradual,  wavy boundary. 
16-32 inches (41-81 cm). White (2.5 Y 8/2) very gravelly silt 
loam, pale yellow (2.5 Y 7/4) moist; common, medium, distinct 
mott les,  pale yel low (2.5 Y 7/4),  brownish yel low (10 YR 6/6) 
moist;  weak, medium, subangular blocky structure; s l ight ly hard 
(dry),  f r iable (moist) ,  s l ight ly st icky and s l ight ly plast ic (wet);  
common, moderately thick s i l t  f lows in pores and as br idges between 
peds; few very f ine and f ine roots; many very f ine and f ine 
discont inuous i rregular pores; 45% gravels, 5% cobbles, 5% stones; 
acid (pH 4.45);  gradual,  i r regular boundary. 
32-48+ inches (81-122+ cm). Pale yel low (2.5 Y 8/4) cobbly s i l t  
loam, pale yel low (2.5 Y 7/4) moist;  .many, medium, dist inct mott les, 
yel low (2.5 Y 7/6),  brownish yel low (10 YR 6/8) moist;  moderate, 
medium, subangular blocky structure; s l ight ly hard (dry),  f i rm 
(moist) ,  s l ight ly st icky and s l ight ly plast ic (wet);  common, 
moderately thick s i l t  f lows as br idges between peds and in pores; 
few very f ine and f ine roots; many very f ine and f ine discont inuous 
i rregular pores; 152J gravels, 20% cobbles, 10% stones; acid (pH.4.58).  
(Proximity to heavi ly weathered rocks) 
32-48+ inches (81-122+ cm). Yel low (2.5 Y 8/6),  yel low (10 
YR 7/8) moist;  common, medium, dist inct mott les, brownish 
yel low (10 YR 6/8),  yel lowish brown (10 YR 5/8) moist.  
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M-7 
Classif icat ion: Andic Dystrochrept,  coarse-si l ty over loamy-skeletal ,  mixed, f r igid. 
Locat ion: Lincoln County, MT. SEU of SE^ of Sec. 16, T33I1, R32W. 
Physiographic 
posit ion: Hi l l  slope, 4,580 f t .  (1,396 m) elevat ion. 
Topography: Sl ight ly concave, 40# slope, N25°W aspect.  
Drainage: 
Vegetat ion: 
Parent 
material :  
Sampled by: 
Remarks: 
01&02 
A2 
B21 i rh 
B22 
IIA2 
Moderately wel l  drained, moderate percolat ion, considered to have 
moderate drainage for this study. 
Larix occidental  is,  Pjnus_ contorta, Pseudotsuga menziesi i ,  
Tsuga heterophyl la, Pinus mori t icolor,  ' [huj_a_ g l jcata, Pjcea 
englemanni i ,  Alnus sinuata, Saj ix_sp.,  Umivea .  boreal_is,  Arnjca_ 
cordifo 1 ia,  Vjola orbiculata ,  Gpod^er^a objongi j fc j_i_a_, Vaccinium 
SJobuJj ire, Pachist ima myrsini tes, Rubus_ |M£vj f  I jpr i js,  CI intenia 
mil  f lora, Ri 'bes sp.,  Me'nziesia Yerrug' inea, Peter idiu'm aqui 1 iniuro. 
Volcanic ash over glacial  t i l l .  
C. Spitzner and J.  Col l ins, July 16, 1980-
Coarse fragments are subangular and subrounded. 
1-0 inches (2.5-0 cm). 
0-0.5 inches (0-1.3 cm). Light gray (10 YR 7/1) s i l t ,  loam, grayish 
brown (10 YR 5/2) moist;  weak, medium, granular structure; soft  (dry),  
very f r iable (moist) ,  s l ight ly st icky and nonplast ic (wet);  many 
very f ine, f ine, and medium vesicular pores; acid (pH 4.32);  abrupt,  
broken boundary. 
0.5-1.5 inches (1.3-3.8 cm). Yel lowish brown (10 YR 5/4) s i l t  
loam, dark yel lowish brown (10 YR 3/6) moist;  weak, medium, granular 
structure; soft  (dry),  very f r iable (moist) ,  s l ight ly st icky and 
s l ight ly plast ic (wet);  many very f ine, f ine, and medium vesicular 
pores; acid (pH 5.12);  c lear,  broken boundary. 
1.5-12 inches (3.8-30.5 cm). Very pale brown (10 YR 7/4) s i l t  loam, 
dark yel lowish brown (10 YR 4/6) moist;  weak, medium, granular 
structure; soft  (dry),  very f r iable (noist) ,  s l ight ly st icky and 
s l ight ly plast ic (wet);  many very f ine, f ine, and medium, and common 
coarse roots; many very f ine, f ine and medium vesicular pores; 10% 
gravels; acid (pH 5.42);  c lear,  wavy boundary. 
12-15 inches (30.5-38 cm). White (2.5 Y 8/2) very gravel ly s i l t  loam, 
Pale yel low (2.5 Y 7/4) moist;  moderate, medium, subangular blocky 
structure; s l ight ly hard (dry),  f r iable (moist) ,  s l ight ly st icky and 
nonplast ic (wet);  common very f ine and f ine, and few medium roots; 
common very f ine and few f ine discont inuous i rregular pores; 40% 
gravels; acid (pl l  5.0);  c lear,  wavy boundary. 
15-21 inches (38-61 cm). White (2.5 Y 8/2) very gravel ly s i l t  loam, 
pale yel low (2.5 Y 7/4) moist;  few, f ine, faint mott les, l ight 
yel lowish brown (2.5 Y 6/4),  ol ive yel low (2.5 Y 6/6) moist;  moderate, 
medium, subangular blocky structure; s l ight ly hard (dry),  f i rm 
(moist) ,  s l iy i i t ly st icky and s l ight ly plast ic (wet);  common very f ine 
and few f ine and coarse roots; many very f ine and common f ine dis­
cont inuous i rregular pores; 35% gravels, 5X cobbles; acid (pH 4.96);  
di f fuse, wavy boundary. 
24-31 inches (61-79 cm). White (2.5 Y 8/2) very gravel ly s i l t  loam, 
pale yel low (2.5 Y 7/4) moist;  common, medium, faint mott ies, pale 
yel low (2.5 Y 8/4),  l ight yel lowish brown (2.5 Y 6/4) moist;  
moderate, medium, subangular blocky structure, s l ight ly hard (dry),  
f i rm (moist) ,  s l ight ly st icky and s l ight ly plast ic (wet);  few, 
thin s i l t  f lows in pores and on ped faces; common very f ine and few 
f ine roots; many very f ine and few f ine discont inuous i rregular pores; 
40% gravels, 5? cobbles; acid (pH 5.17);  gradual,  wavy boundary. 
31-40+ inches (79-102+ cm). White (2.5 Y 8/2) very gravel ly s i l t  
loam, yel low (2.5 Y 8/b) moist;  discont inuous mott les on ped faces, 
l ight yel lowish brown (2.5 Y 6/4),  brownish yel low (10 YR 6/8) moist;  
moderate, coarse, subangular blocky structure; hard (dry),  f i rm 
(moist) ,  s l ight ly st icky and s l ight ly plast ic (wet);  common, moderately 
thick s i l t  f i lms in pores and on ped faces; few very f ine and f ine 
roots; common very f ine and few f ine discont inuous i rregular pores; 
40% gravels, 15% cobbles; acid (pH 5.03).  
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M-8 
Classif icat ion: Andic Cryochrept,  loamy-skeletal ,  mixed. 
Locat ion: Lincoln County, MT. SE's of  SW ' i of Sec. 16, T33N, R32W. 
Physiographic 
posit ion: Hi l l  slope, 4,640 f t .  (1,414 m) elevat ion. 
Topography: SI ight ly convex, 55% slope, N45°W aspect.  
Drainage: 
Vegetat ion: 
Parent 
material :  
Sampled by: 
Remarks: 
01&02 
B21 
B22 
I IA&B 
Moderately wel l  drained, moderately rapid percolat ion, considered to 
have moderate drainage for this study. 
Larix occidental  is,  Pinus contorta, Pseudotsuga menziesi i ,  Tsu^ 
heterophyl la, Pinus monticolor,  Thi i ja_ pi  icata, Picea enqelmanni i ,  
Alnus sinuata, Sa 1 ix "sp.,  Linnaca boreal is,  Arnica r.ordi  fol ia,  
Viola orbiculata, Goodyera oblongifol  ia,  Vacci_rnuin glob'Jl£re_, 
Pachist inia myrsini t .es, Rubus parvi f iorus, '  CiTntonia unif lora, Ribes 
sp.,  Menziesia ferruginea, PterTtf ium aqui iTnTurn. 
Volcanic ash over glacial  t i l l .  
C. Spitzner and K. Newman, September 8,  1980. 
Coarse fragments are angular,  subangular,  and subrounded throughout;  
bedrock outcrops in the area; tree throw common. 
3-0 inches (7.6-0 cm). 
0-8 inches (0-20 cm). Very pale brown (10 YR 7/4) stoney s i l t  loam, dark 
yel lowish brown (10 YR 3/6) moist;  weak, medium granular structure; 
soft  (dry),  very f r iable (moist) ,  s l ight ly st icky and s l ight ly plast ic 
(wet);  many very f ine, f ine, medium, and coarse roots; many very 
f ine, f ine, and medium vesicular.pores; 20% stones, 10% cobbles, 10% 
gravels; acid (pH 5.47);  gradual,  wavy boundary. 
8-14 inches (20-36 cm). Very pale brown (10 YR 8/4) cobbly s i l t  loam, 
yel lowish brown (10 YR 5/8) moist;  weak, medium, granular structure; 
soft  (dry),  very f r iable (moist) ,  s l ight ly st icky and sl ight ly 
plast ic (wet);  many very f ine, f ine, and medium vesicular pores; 
10% stones, 20% cobbles, 10% gravels; acid (pH 5.79);  abrupt,  
wavy boundary. 
14-18 inches (36-46 cm). White (2.f :  Y 8/2) very gravel ly s i l t  loam, 
yel low (2.5 Y 7/6) moist;  weak, f ine,  subangular blocky structure; 
soft  (dry),  f r iable (moist) ,  s l ight ly st icky and s l ight ly plast ic 
(wet);  many very f ine and f ine, and common medium roots; many very 
f ine, common f ine, and few medium discont inuous tubular pores; 
40% gravels, 20% cobbles; acid (pl i  5.78);  gradual,  wavy boundary. 
18-36 inches (46-91 cm). Pale yel low (2.5 Y 8/1) very gravel ly s i l t  
loam, yel low (2.5 Y 7/6) moist;  moderate, medium, subangular blocky 
structure; s l ight ly hard (dry),  f i rm (moist) ,  s l ight ly st icky and 
sl ight ly plast ic (wet);  very few, thin s i l t  f i lms in pores; few 
very f ine and f ine roots; many very f ine, f ine, and medium 
discont inuous i rregular pores; 4OX gravels, 20I cobbles, 10% stones; 
acid (pH 5.75);  gradual,  wavy boundary. 
36-43+ inches (91-109 cm). Pale yel low (2.5 Y 8/4) very gravel ly 
sandy loam, yel low (2.5 Y 7/6) moist;  weak, medium, subangular 
blocky structure; s l ight ly hard (dry),  f i rm (moist) ,  s l ight ly st icky 
and s l ight ly plast ic (wet);  very few, thin s i l t  f i lms in pores; 
common very f ine and f ine roots; many very f ine, f ine, and medium 
discont inuous i rregular pores; 40" gravels, 20% cobbles, 20% stones; 
acid (pH 5.53). 
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F-1 
Classif icat ion: Andic Dystrochrept,  coarse-loamy over loamy-skeletal ,  mixed, f r igid. 
Locat ion: 
Physiographic 
posit ion: 
Topography: 
Drainage: 
Vegetat ion: 
Lincoln County, MT. SW'i  of  NE% of Sec. 25, T33N, R32W. 
Hi l l  slope, 4,080 f t .  (1,244 m) elevat ion. 
Sl ight ly convex, 51% slope, N38°E aspect.  
Moderately wel l  drained, rapid percolat ion, considered to have 
moderate drainage for this study. 
Pinus contort ;^,  Larix occidental 's,  Thu.ja p l icata, Abies grandis, 
^urfotsuaa" menzi_es_i l ,  Pinus menticolor,  SaTTx sp.,  Alnj js s inuata, 
7 s_ug£ heterophy 11 a,  Fa c h i  s t  f  ma' my r 's i  "n i  te s, Arnica cord i f  o"l  i  a, 
Viola "orbiculata. 
Parent 
material :  
Sampled by: 
Remarks: 
01&02 
B21 
B22 
IIA2 
Volcanic ash over thin glacial  t i l l .  
C. Spitzner and G. Newman, August 22, 1980. 
Coarse fragments are angular,  subangular,  subrounded. 
1.5-0 inches (3.8-0 cm). 
0-4 inches (0-10 cm). Very pale brown (10 YR 7/4) s i l t  loam, brown 
to dark brown (7.5 YR 4/4) moist;  weak, medium, granular structure; 
soft  (dry),  very f r iable (moist) ,  s l ight ly st icky and s l ight ly 
plast ic (wet);  many very f ine, f ine, medium, and coarse roots; 
many very f ine, f ine, and medium vesicular pores; acid (pH 5.16);  
c lear,  wavy boundary. 
4-10 inches (10-25 cm). Very pale brown (10 YR 8/4) gravel ly s i l t  
loam, brown (7.5 YR 5/4) moist;  weak, medium, granular structure; soft  
(dry),  very fr iable (moist) ,  s l ight ly st icky and s l ight ly plast ic (wet);  
many very f ine, f ine, and meoiun, and corar.oi i  coarse roots; many very 
f ine, f ine and medium vesicular pores; 25% gravels; acid (pH 5-35);  
c lear,  wavy boundary. 
10-15 inches (25-38 crn).  Very pale brown (10 YR 8/3) very gravel ly 
s i l t  loam, l ight yel lowish brown (10 YR 6/4) moist;  moderate, f ine, 
subangular blocky structure; soft  (r i ry),  f r iable (moist) ,  non-st icky 
and sl ight ly plast ic;  common very f ine, f ine, and medium, and few 
coarse roots; many very f ine and f ine, and common medium discont inuous 
i rregular pores; 407, gravels, 25X cobbles, 5",  stones; acid (pH 4.92);  
gradual,  wavy boundary. 
15-39 inches (38-99 cm). Very pale brown (10 YR 8/3) very gravel ly s i l t  
loam, yel lowish brown (10 YR 5/6) moist;  strong, medium, subangular 
blocky structure; hard (dry),  f i rm (moist) ,  s l ight ly st icky and 
s l ight ly plast ic (wet);  few, thin s i l t  f i lms in pores; very few 
thin clay f i lms in pores; common very f ine and f ine, and few medium 
roots; many very f ine and f ine, and common medium discont inuous 
i rregular pores; 402 gravels, 25% cobbles, 5% stones; acid (pH 
4.28);  gradual,  wavy boundary. 
39-48+ inches (99-122+cm). Very pale brown (10 YR 8/4) very gravel ly 
s i l t  loam, yel lowish brown (10 YR 5/6) moist;  strong, medium to 
coarse, subargular blocky structure; hard (dry),  f i rm (moist) ,  
s l ight ly st icky and s l ight ly plast ic (wet);  few, thin s i l t  
f lows in pores; few very f ine and f ine roots; many very f ine and 
f ine, and common medium discont inuous i rregular pores; 402 gravels, 
30% cobbles, 5% stones; acid (pH 4.51).  
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F-2 
Classif icat ion: Andic Dystrochrept,  coarse-loamy over loamy-skeletal ,  mixed, f r igid. 
Locat ion: Lincoln County, MT. SW4 of  ME'i  of  Sec. 25, T33N, R32W. 
Physiographic 
posit ion: Hi l l  slope, 4,200 f t .  (1 ,280 m) elevat ion. 
Topography: Sl ight ly convex, 53% slope, N34°E aspect.  
Drainage: 
Vegetat ion: 
Parent 
material :  
Sampled by: 
Remarks: 
CI &02 
B21 
B22 
I IB&A 
I1B2 
Moderately wel l  drained, moderately rapid percolat ion, considered 
to have moderate drainage for this study. 
Pseudotsuga menziesi i ,  Larix occidental  is,  Thuja pl icata, Pinus 
cbntorta, Abies grandis, Tsuga heteropl iy l la,  Alnus_ sj jumta_, Sal ix 
sp.,  Acer qlabrum, Picea engel i i ianni i ,  Cl jntonja unif lora, Pachist ima 
myrsini  tes, Rosj i  sp.,  Arnica cordifol  ia,  Pyrola sp.,  Viola 
orbiculata, Ru_bu£ parvi fTorus, Goodyera obiongifol  ia,  "Vaccinium globulare. 
Volcanic ash over thin glacial  t i l l .  
C. Spitzner, August 24, 1980. 
Coarse fragments are angular,  subangular,  and subrounded throughout.  
3-0 inches (7.6-0 cm). 
0-4 inches (0-10 cm). Very pale brown (10 YR 7/4) s i l t  loam, dark 
yel lowish brown (10 YR 4/4) moist;  weak, medium, granular structure; 
soft  (dry),  very f r iable (moist)  s l ight ly st icky and s l ight ly plast ic 
(wet);  many very f ine, f ine, and medium, and few coarse roots; 
many very f ine, f ine and medium vesicular pores; 10% gravels, 5% 
cobbles; acid (pH 5.5);  c lear,  wavy boundary. 
4-13 inches (10-33 cm). Very pale brown (10 YR 7/4) gravel ly s i l t  loam, 
dark yel lowish brown (10 YR 4/6) moist;  weak, medium, granular 
structure; soft  (dry),  very fr iable (moist) ,  s l ight ly st icky and 
s l ight ly plast ic (wet);  many very f ine, f ins, and medium, and few 
coarse roots; many very f ine, f ine, and medium vesicular pores; 15% 
gravels, 5% cobbles; acid (pH 5.88);  gradual,  wavy boundary. 
13-21 inches (33-53 cm). Very pale brown (10 YR 8/3) very gravel ly 
sandy loam, yel low (10 YR 7/6) moist:  moderate, f ine, subangular 
blocky structure; s l ight ly hard (dry),  f r iable (moist) ,  s l ight ly st icky 
and nonplost ic (wet);  many very f ine, common f ine, and medium roots; 
many very f ine, f ine, and medium discont inuous i rregular pores; 
40% gravels, 30X cobbles, <5» stones; acid (pH 5.08);  gradual,  wavy 
boundary. 
21-44+ inches (53-112+cm). Very pale brown (10 YR 8/4) very gravel ly 
s i l t  loam, very pale brown (10 YR 7/4) moist;  strong, f ine to medium, 
subangular blocky structure; hard (dry),  f i rm (moist) ,  s l ight ly st icky 
and s l ight ly plast ic (wet);  very few, thin s i l t  f i lms in pore spaces; 
common very f ine and f ine, and few medium roots; many very f ine, f ine and 
medium discont inuous i rregular pores; 40/S gravels, 30% cobbles, <5% 
stones; acidic (pH 4.8).  
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F-3 
Classif icat ion: Andic Cryochrept,  coarse-loamy over loamy-skeletal ,  mixed. 
Locat ion: Lincoln County, HI.  SWl; of  SUV of Sec. 23, T33N, R32W. 
Physiographic 
posit ion: 
Topography: 
Drainage: 
Vegetat ion: 
Parent 
material :  
Sampled by: 
Remarks: 
01 &02 
A2 
B1 
B21 
Hil l  slope, 4,200 f t .  (1,280 m) elevat ion. 
Sl ight ly convex, 53% slope, N2°W aspect.  
Moderately wel l  drained, rapid percolat ion, considered to have moder­
ate drainage for this study. 
Larix occidentaj is,  Pinus coj i torta, Thuja pi  icata, Picea engcjmann_i j ,  
"Pscl idotr.uga menziesi i ,  Sa1jx_ sp".AJnus_ sint iata» Ts'uga heter 'ophyl la," 
"Goodyera obiongifol ia,  Epi lohium anqust l fol  iur. i ,  Arnica cordi f 'o'1 ia,  
STiepi icrdja c_anadej is is_, Monziesia femioinea, Rubus "parvi f lorus, 
Viola orbiculata, ¥a£Cjnjjjm globulare, Chlmaphi la umbel lata, 
Linnaea boreal is,  Spirea be't lTl i  fo l ia,"  R' ibes sp-,  Lister a sp. 
Volcanic ash over very thin glacial  t i l l  and bedrock (Wallace l imestone). 
C. Spitzner, August 27, 1980. 
Coarse fragments in the loess horizons are pr imari ly rounded or 
subrounded. 
1.5-0 inches (3.8-0 cm). 
0-1 inches (0-2.5 cm). White (10 YR 8/1) s i l t  loam, dark grayish brown 
(10 VR 4/2) moist;  weak, medium, granular structure; soft  (dry),  very 
f r iable (moist) ,  s l ight ly st icky and s l ight ly plast ic (wet);  many 
very f ine and f ine, and common medium vesicular pores; acid (pH 
4.79);  abrupt,  broken boundary. 
1-2 inches (2.5-5.1 cm). Very pale brown (10 YR 7/3) s i l t  loam, 
brown (7.5 YR 5/4) moist;  weak, medium, granular structure; soft  
(dry),  very f r iable (moist) ,  s l ight ly st icky and s l ight ly plast ic 
(wet);  many very f ine, f ine, and medium, and common coarse roots; 
many very f ine, f ine and medium vesicular pores; <5% graveis; acid 
(pH 4.87);  abrupt,  broken boundary. 
2-7 inches (5.1-18 cm). Very pale brown (10 YR 7/4) gravel ly s i l t  loam, 
dark yel lowish brown (10 YR 4/G) moist;  weak, medium, granular 
structure; soft  (dry),  very f r iable (moist) ,  s l ight ly st icky and 
s l ight ly plast ic (wet);  many very f i i r?,  f ine, medium, and coarse 
roots; many very f ine, f ine, and medium vesicular pores; 152 
gravels, 15% cobbles; acid (pl l  5.23);  c lear,  wavy boundary. 
7-14 inches (18-36 cm). Very pale brown (10 YR 7/4) gravel ly s i l t  
loam, yel lowish brown (10 YR 5/8) moist;  weak, medium, granular 
structure; soft  (dry),  very f r iable (moist) ,  s l ight ly st icky and 
sl ight ly plast ic (wet);  many very f ine and f ine, and common medium 
roots; many very f ine, f ine, and medium vesicular pores; 15% 
gravels, 15% cobbles; acid (pH 5.57);  abrupt,  wavy boundary. 
14-23 inches (36-58 cm). White (2.5 Y 8/2) very gravel ly sandy loam, 
l ight gray (2.5 Y 7/2) moist;  weak, f ine, granular to subangular 
blocky structure; s l ight ly hard (dry),  f r iable (moist) ,  non-st icky 
and sl ight ly plast ic (wet);  very few, thin s i l t  f lows in pores; 
common very f ine and f ine, and few medium roots; many very f ine, f ine, 
and medium discont inuous i rregular pores; 352 angular,  subangular,  
and rounded gravels, 15% angular,  subangular,  and rounded cobbles; 
acid (pH 5.5);  abrupt,  i r regular boundary. 
23-38+ inches (58-97+ cm). White (2.5 Y 8/2),  pale yel low (2.5 y 
7/4) moist;  s ingle grain; few very f ine and f ine roots; 95% 
rounded, angular,  and subangular cobbles and stones. 
23-35 inches (58-89 cm). Gravel ly sandy loam; weak, f ine, granular 
to subangular blocky structure; s l ight ly hard (dry),  f r iable (moist) ,  
non-st icky and s l ight ly plast ic (wet);  common very f ine and f ine roots 
many very f ine, f ine, and medium discont inuous i rregular pores; 
10% cobbles, 30% gravels; acid (pH 5.28).  
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F-4 
Classif icat ion: Andic Cryochrept,  1 oanty-skeleta 1,  mixed. 
Locat ion: Lincoln County, HI.  SE 1/4 of SW 1/4 of Sec. 23, T33N, R32W. 
Physiographic Hi l l  slope, 4200 f t  (1380 m) elevat ion, 
posit ion: 
Topography: 
Drainage: 
Vegetat ion: 
Parent 
material :  
Sampled by: 
01-02 
A2 
B21 
B22 
B3 
Sl ight ly concave, 62% slope, N21°E aspect.  
Well  drained, very rapid percolat ion, considered to have rapid 
drainage for this study. 
Larix occidental  is,  Pinus contorta, Picea en£ej jnann_i j_, Tsuga 
•heterophyi la, Thu.ja pl icata, Alnus sinuata, Pseudoisuga mcnziesi i ,  
Saj jx sp-,  epi johiuin ancjust i foj jum, Menziesia ferruqinea, Goodyera 
oblongifol ia,  (tabus l ia j iy i j j_prus, Pachist ima myrsini tes, Spirca 
"bctulifoiia, Vaccinium giobularc, Shepherdia canadensis, Ribes sp., 
Arnica cordi fol ia,  Chimaphi ' Ia umbe 11 ata, Pyrola sp.,  Cl intonia 
unif lora, Viola orhiculata. 
Volcanic ash over Wallace l imestone bedrock. 
C. Spitzner, August 26, 1981. 
2-0 inches (5-0 cm) 
0-1 inches (0-2.5 cm). Liqht gray (10 YR 7/1) cobbly s i l t  loam, 
dark grayish brown (10YR4/2) moist;  weak, medium, granular structure; 
soft  (dry),  very f r iable (moist) ,  s l ight ly st icky and sl ight ly 
plast ic (wet);  many very f ine, f ine, and medium roots; many very 
f ine, f ine, and medium vesicular pores; 20" angular cobbles, 
5% angular gravels; acid (pH 3.8);  abrupt,  wavy boundary. 
1-13 inches (2.5-33 cm). Yel low (10 YR 7/6) cobbly s i l t  loam, 
dark yel lowish brown (10 YR 4/6) moist;  moderate, medium, granular 
structure; soft  (dry),  very f r iable (moist) ,  s l ight ly st icky and 
s l ight ly plast ic (wet);  many very f ine, f ine, medium, and coarse 
roots; many very f ine, f ine, and medium vesicular pores; 20% angular 
gravels, 30% angular cobbles; acid (pH 5.21);  gradual,  wavy 
boundary. 
13-21 inches (33-53 cm). Yel low (10 YR 7/6) cobbly s i l t  loam, 
yel lowish brown (10 YR 5 / 8 )  moist;  moderate, medium, granular 
structure; soft  (dry),  very f r iable (moist) ,  s l ight ly st icky and 
sl ight ly plast ic (wet);  many very f ine, f ine, and medium vesicular 
pores; 20% angular gravels, 30% angular cobbles; acid (pH 5.58);  
gradual,  wavy boundary. 
21-30 inches (53-76 cm). Small  pockets. Very pale brown (10 YR 7/4) 
s i l t  loam, dark yel lowish brown ( 1 0  YR a/4) moist;  weak, f ine, 
granular structure; soft  (dry),  very f r iable (moist) ,  s l ight ly 
st icky and sl ight ly plast ic (wet);  many very f ine, common f ine 
and few medium roots; many very f ine and f ine, and few medium vesicular 
pores; 902 angular cobbles and stones; acid (pH 5.8).  
I lCr 21-35+ inches (53-89+cm). 
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F-5 
Classif icat ion: Andic Li thic Dystrochrept. ,  loamy-skeletal ,  mixed, f r igid. 
Locat ion: Lincoln County, MT. SE'a of  SW ! i  of  Sec. 23, T33N, R32W. 
Physiographic 
posit ion: Hi l l  slope, 4,160 f t .  (1,268 m) elevat ion. 
Topography: Sl ight ly concave, 57% slope, N14°E aspect.  
Drainage: Well  drained, very rapid percolat ion, considered to have rapid 
drainage for this study. 
Vegetation: 
Parent 
material :  
Sampled by: 
01802 
A2 
B2 
I1A&G 
lar ix occidental is,  Pinus contorta, Picea enqelmanni i .  Thuja pl icata, 
Tsuga "heterophyl la, Ps^udotsuga irenrj_esjH, Alnus sinuata, Sal ix sp.,  
Epi lobium anqust i  fol  i  ur. i ,  t tcnziosia f  erruqi nea, Goody era obi ongi fol ia,  
Rukus P.aX.V_if Ipi l1 ! ! ,  £acMstjma myrsini trs.  Spirca bet jJ jJXLl§-> Vatxiniura 
gjobulare, Shopherdia c_ai!adqnsis, R ibes sp.,  Arnica cordifoi  ia,  Chima-
phi la umbel 1 ata, Pyrola sp.,  Cl intonia unif lora, Pter idium aqui l inium, 
Jt ' i i i  perus horizontal  is,  Viola orbiculata. 
Volcanic ash over thin glacial  t i l l  and Wallace l imestone. 
C. Spitzner, August 26, 1980-
2.5-0 inches (6.4-0 cm). 
0-1 inches (0-2.5 cm). White (10 YR 8/1) sandy loam, grayish brown 
(10 YR 5/2) moist;  weak, medium, granular structure; soft  (dry),  
f r iable (moist) ,  s l ight ly st icky and nonplast ic (wet);  many very 
f ine and f ine, and common medium roots; many very f ine, f ine, and 
medium vesicular pores; 5? angular and subangular gravels; acid 
(pl l  4.28)abrupt,  wavy boundary. 
1-12 inches (2.5-30.5 cm). Very pale brown (10 YR 7/4) very cobbly 
s i l t  loam, dark yel lowish brown (10 YR 4/4) moist;  weak, medium, 
granular structure; soft  (dry),  f r iable (moist) ,  s l ight ly st icky 
and s l ight ly plast ic;  many very f i r .e,  f ine, medium, and coarse roots; 
many very f ine, f ine, and medium vesicular pores; 20'; '  angular and 
subangular gravels, D5": '  angular and subangular cobbles; acid 
(pH 5.68);  c lear,  wavy boundary. 
12-22 inches (30.5-56 cm.) White (2.5 Y 8/2) angular cobbly sandy 
loam, l ight yel lowish brown (2.5 Y 6/4) moist;  moderate, f ine, granular 
to subangular blocky structure; s l ight ly hard (dry),  f r iable (moist) ,  
s l ight ly st icky and s l ight ly plast ic;  many very f ine, f ine, and 
medium, and common coarse roots; many very f ine and f ine, and few 
medium discont inuous ir>\y:ula>- pores; /5 ' i  angular cobbles; acid 
(pH 5.84);  abrupt,  i r regular boundary. 
IHCr 22-24+ inches (56-61 cm). Wallace l imestone, .-902 angular cobbles and 
gravels; con^on very f ine and f ine roots; noncalcareous. 
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F-6 
Classif icat ion: Andic Dystrochrept,  loamy-skeletal ,  mixed, f r igid. 
Locat ion: Lincoln County, MT. NE^ of  SW's of  Sec. 23, T33N, R32W. 
Physiographic 
posit ion: High val ley slope, 4,000 f t .  (  1,219 m) elevat ion. 
Topography: 
Drainage: 
Vegetat ion: 
Parent 
material :  
Sampled by: 
Remarks: 
01&02 
B21 
B22 
I IA2 
Sl ight ly convex, 53% slope, N45 W aspect.  
Well  drained, rapid percolat ion, considered to have rapid drainage 
for this study. 
_Larix_ occidental  is,  Pinus contort^,  Picea engelmanni i ,  Tsuga he' tero-
pj iv l ja,  Thuja pj ica_t£, Pseudotsuga menziesi i ,  Pachist ima myrsini tes, 
Ej l i lpbium ang£_sJJjfol j ium_, Goodie ra_ obiongifol ia,  Chimaphi la umbel !ata, 
Rubus'parvi f lorus, Arnica cordifol ia,  Ribes sp.,  Viola orbiculata, 
Vaccin ium gloTnTlare. 
Volcanic ash over thin glacial  t i l l .  
C. Spitzner, August 8,  1980. 
Coarse fragments are pr imari ly angular with a few weathered 
subangular fragments; smal ler gravels are pr imari ly rounded; t ree 
throw common; inclusions in the 11B2 horizon are apparent ly from 
the weathering of large rock fragments. 
1.5-0 inches (3.8-0 cm). 
0-4 inches (0-10 cm). Very pale brown (10 YR 7/3) cobbly s i l t  loam, 
dark yel lowish brown (10 YR 4/4) moist;  weak, medium, granular structure; 
soft  (dry),  f r iable (moist) ,  s l ight ly st icky and s l ight ly plast ic 
(wet);  many very f ine, f ine, and medium, and common coarse roots; 
many very f ine, f ine, and medium vesicular pores; 20% gravels, 30% 
cobbles; acid (pH 5.38);  c lear,  wavy boundary. 
4-12 inches (10-30.5 cm). Very pal.1  brown (10 YR 7/4) cobbly s i l t  
loam, dark yel lowish brown (10 YR 4 /6 )  moist;  weak, medium, granular 
structure; soft  (dry),  f r iable (moist) ,  s l ight ly st icky and s l ight ly 
plast ic (wet);  many very f ine, f ine, and medium, and common coarse 
roots, many very f ine, f ine, and medium vesicular pores; 20% 
gravels, 3OS cobbles; acid (pH 5.5);  abrupt,  wavy boundary. 
12-16 inches (30.5-41 cin).  White (2.5 Y 8/2) very gravel ly loamy 
sand, l ight yel lowish brown (2.5 Y 6/4) moist;  weak, medium, granular 
structure; soft  (dry),  very fr iable (moist) ,  non-st icky and nonplast ic 
(wet);  many very f ine and f ine, and common medium roots; common very 
f ine and f ine, and few medium discont inuous i rregular pores; 35?; ' ,  
cobbles, 455! gravels; acid (pH 5.47);  gradual,  i r regular boundary. 
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F-6 cont'd. 
I IB2 16-40+ inches (41-102+cm). White (2.5 Y 8/2) very gravel ly sandy 
loam, l ight yel lowish brown (2.5 Y 6/4) moist;  moderate, coarse, 
subangular blocky structure; s l ight ly hard (dry),  very f r iable 
(moist) ,  s l ight ly st icky and s l ight ly plast ic (wet);  common, 
moderately thick s i l t  f lows in pores; common very f ine and f ine, and 
few medium roots; common very f ine and f ine, and many medium 
discont inuous i rregular pores; 30% cobbles, 15% stones, 40% gravels; 
acid (pH 5.44).  
Inclusion A White (10 YR 8/2) very gravel ly sandy loam, very pale brown 
(10 YR 7/4) moist;  acid (pH 5.19).  
Inclusion B Predominate, pale yel low (2.5 Y 8/4),  very gravel ly sandy loam, 
yel low (2.5 Y 7/6) moist;  acid (pH 5.44).  
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F-7 
Classif ication: Andic Cryochrept, loamy-skeletal,  mixed. 
Location: Lincoln County, MT. NE'* of SE^ of Sec. 16, T32N, R32W. 
Physiographic 
posit ion: Hi l l  slope, 4,680 f t .  (1,426 m) elevation. 
Topography: Sl ightly concave, 43« slope, N58°W aspect. 
Drainage: 
Vegetation: 
Parent 
material:  
Sampled by: 
Remarks: 
01802 
B21 
B22 
IIA2 
Moderately well  drained, rapid percolat ion, considered to have 
moderate drainage for this study. 
occi_dental js_, Pinus contorta, Pseudotsuga menziesi i ,  Pi_nus_ 
mo'nti jcoloj ' .  Thuja pi icata, Picea rngetmannjj  ,  Sal_ix sp., Aljnus_ 
sfnuata, Tsuga heterqphyl ja, Sj iepherdia canad_qns_is_, Pubws parvif lorus, 
F^ridjum a qui IJnlum, Pa'chist ima ni^simtcs, Viola ^t>cujj i_ta_, 
Arnica cbrd(ro11a_, Linnajfa borealjs, Varxjniuin gjobulare, l ioodycra 
dbl6ngi?"oTia, '  ChimaphTTa"unib'eT1 ata," Pyro' la spT," CTintonTa uri iTfora. 
Volcanic ash over thin glacial t i l l .  
C. Spitzner, September 9, 1980. 
Coarse fragments are mostly angular and subangular with a small 
percentage rounded; deeper, larger coarse fragments are more rounded. 
I-0 inches (2.5-0 cm). 
0-11 inches (0-28 cm). Very pale brown (10 YR 7/4) very cobbly si l t  
loam, dark yel lowish brown (10 YR 4/6) moist; weak, medium, granular 
structure; soft (dry), very fr iable (moist),  sl ightly st icky and 
sl ightly plastic (wet); many very f ine, f ine, medium, and coarse 
roots; many' very f ine, f ine, and medium vesicular pores; 50/> 
cobbles, 10'7. gravels, <5% stones; acid (pH b.24); gradual, wavy 
boundary. 
I I-15 inches (28-38 cm). Very pale brown (10 YR 7/4) very gravelly 
si l t  loarn, dark yel lowish brown (10 YR 4/6) moist; weak, medium, 
granular structure; soft (dry), very fr iable (moist),  sl ightly 
st icky and sl ightly plastic (wet); many very f ine, f ine, medium and 
coarse roots; many very f ine, f ine, and medium vesicular pores; 
40% gravels, 25% cobbles, <5% stories; acid (pH 5.35); abrupt, 
wavy boundary. 
15-17 inches (38-43 cm). White (2.5 Y 8/2) 
gravelly sandy loam, pale yel low (2.5 Y 7/4) moist; moderate, 
medium, granular to weak, f ine, subangular blocky structure; soft (dry), 
fr iable (moist),  sl ightly st icky and sl ightly plastic (wet); 
many very f ine arid f ine, and common medium roots; many very f ine and 
f ine, and few medium discontinuous irregular pores; 45? gravels, 
25% cobbles, stones; acid (pH 5.42); clear, wavy boundary. 
17-22 inches (43-56 cm). White (2.5 Y 8/2) very gravelly si l t  loam, 
l ight yel lowish brown (2.5 Y 6/4) moist; weak, f ine, subangular blocky 
structure; sl ightly hard (dry), fr iable (moist),  sl ightly st icky 
and sl ightly plastic (wet); few, thin si l t  f i lms in pores; many very 
f ine and f ine, and few medium roots; many very f ine and f ine 
discontinuous irregular pores; 40'£ gravels, 20% cobbles, 5% stones; 
acid (pH 5.14); gradual, wavy boundary. 
22-29 inches (56-74 cm). White (2.5 Y 8/2) very gravelly si l t  loam, 
l ight yel lowish brown (2.5 Y 6/4) moist; moderate, f ine, subangular 
blocky structure; sl ightly hard (dry), f i rm (moist),  sl ightly 
st icky and sl ightly plastic (wet); common, thin si l t  f lows in 
pores; common very f ine and f ine roots; common very f ine and many 
f ine discontinuous irregular pores; 352 gravels, 25% cobbles, 5% 
stones; acid (pH 5.31); gradual, wavy boundary. 
29-43Mnches (74-109+cm). White (2.5 Y 8/2) very cobbly si l t  loam, 
pale yel low (2.5 Y 7/4) moist; many medium, dist inct mott les, 
yel lowish brown (10 YR 5/6), dark yel lowish brown (10 YR 3/4) 
moist; moderate, medium, subangular blocky structure, sl ightly 
hard (dry), f i rm (moist),  sl ightly st icky and sl ightly plastic (wet); 
common, moderately thick si l t  f lows in pores and as bridges 
between peds; few very f ine and f ine roots; few very f ine and 
common f ine discontinuous irregular pores; 302.gravels, 35% 
cobbles, 5% stones; acid (pH 5.86). 
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F-8 
Classif ication: Andic Cryochrept, loamy-skeletal,  mixed. 
Location: Lincoln County, MT. SW',j  of SE'j  of Sec. 16, T33N, R32W. 
Physiographic 
posit ion: Hi l l  slope, 4,640 f t .  (1,414 m) elevation. 
Topography: 
Drainage: 
Vegetation: 
Parent 
material:  
Sampled by: 
Remarks: 
01&02 
A2 
B21 
B 2 2  
Slightly concave, 51% slope, N6 E aspect. 
Well drained, very rapid percolat ion, considered to have rapid 
drainage for this study. 
Larix occidental is, Pinus contorta, Pseudotsuga menziesi i ,  Pinus 
monTTcbTorY Tl iuja pl icata, Tsuga Tieterophyi la, Picea engelmanni i ,  
Sinus sTnuata, CTintonia unTfTora", "Arnica coTdi ' foT' ia' . 'Tiei izTes' ia 
Terruginea, ~Rub~us parvTfTorus", Taccimum gToblHare - , -Pt^niTuri i  
aquiTi i i iUir i ,  r inna'e*a~Bb?eaTTs7 Gob^era~obTon*g"iTolTa,~Pyrcla sp., 
Spirea't ieTulTfol la. " ~~ 
Volcanic ash over thin glacial t i l l  and bedrock. 
C. Spitzner, September 8, 1980. 
Coarse fragments mostly angular and subangular-with some subrounded. 
2-0 inches (5.1-0 cm). 
0-.5 inches (0-1.3 cm). White (10 YR 8/1) si l t  loam, l ight gray 
(10 YR 7/2) moist; weak, medium, granular structure; soft (dry), 
very fr iable (moist),  sl ightly st icky and sl ightly plastic (wet); 
many very f ine and f ine roots; many very f ine, f ine, and medium 
vesicular pores; acid (pH 5.0); abrupt, broken boundary. 
0.5-12 inches (1.3-30.5 cm). Yellow (10 YR 7/6) gravelly si l t  loam, 
dark yel lowish brown (10 YR 4/6) moist; weak, medium, granular 
structure; soft (dry), very fr iable (moist),  sl ightly st icky and 
sl ightly plastic (wet); many very f ine, f ine, and medium, and common 
coarse roots; many very f ine, f ine, and medium vesicular pores; 
252 gravels, 20% cobbles; acid (pH 5.08); gradual, v/avy boundary. 
12-20 inches (30.5-51 cm). Yellow (10 YR 7/6) gravelly si l t  loam, 
yel lowish brown (7.5 YR 5/6) moist; weak, medium, granular structure; 
soft (dry), very fr iable (moist),  sl ightly st icky and sl ightly 
plastic (wet); many very f ine, f ine, and medium roots; many very 
f ine, f ine, and medium vesicular pores; 255i gravels, 15% cobbles; 
acid (pH 4.98); gradual, wavy boundary. 
20-25 inches (51-64 cm). Very pale brown (10 YR 7/4) gravelly 
loamy sand, yel lowish brown (10 YR 5/6) moist; weak, medium, 
granular structure; soft (dry), very fr iable (moist),  non-sticky 
and sl ightly plastic (wet); common very f ine, f ine, and medium 
roots; many very f ine, f ine, and medium vesicular pores; 252 
grr.vels, 15% cobbles; acid (pi l  5.34); gradual, wavy boundary. 
25-30+ inches (64-76+ cm). Pale yel low (2.5 Y 8/4) stoney sandy loam, 
brownish yel low (10 YR 6/6) moist; weak, f ine, subangular 
blocky structure; soft (dry), fr iable (moist),  sl ightly st icky and 
sl ightly plastic (wet); common very f ine and f ine roots; many very 
f ine and f ine vesicular and discontinuous irregular pores; 
10% gravels, 25% cobbles, 50% stones; acid (pH 4.85). 
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APPENDIX 5 
Measured Sample Tree Data 
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M E A S U R E D  S A M P L E  T R E E  D A T A  
S I T E  T R E E  
C O D E  N U M B E R  D B I I  
( I N )  
D O M I N A N C E  
H E I G H T  C L A S S  A G E  
( F T )  ( Y R S )  
S A P W O Q D  R I N G S  I N  R I N G S / I N  R I N G S / I N  
W I D T H  S A P W O O D  J U V E N I L E  R E C E N T  
( I N )  G R O W T H  G R O W T H  
S - l  1  6 . 6  6 6  D  6 )  . 8 1  1 8  1 4  2 1  
S - l  2  7 . 3  7 3  D  6 1 '  1 . 3 1  2 5  1 6  1 9  
S - l  3  7 . 2  6 8  D  6 4  1 . 0 0  2 2  1 3  2 2  
S - l  4  7 . 2  7 9  D  6 1  1 , 2 5  2 4  1 0  2 0  
S - l  5  8 . 3  8 0  D  5 9  . 6 8  1 8  9  2 0  
S - l  6  7 . 5  6 8  D  6 2  1 . 0 6  1 6  1 5  1 5  
S - l  7  7 . 7  7 7  C D  5 6  1 . 0 0  1 8  9  1 3  
S - 2  1  8 . 4  6 9  C D  6 )  . 8 8  2 7  9  2 9  
S - 2  2  8 . 1  7 1  D  6 1  1 . 1 9  2 1  1 0  1 8  
S - 2  3  7 . 1  6  C  D  6 1  1 . 1 3  2 4  1 2  2 2  
S - 2  4  7 . 4  7 4  D  5 8  1 . 1 3  2 5  1 0  2 3  
S - 2  5  7 . 6  8 1  D  5 9  1 . 0 0  2 4  1 0  2 4  
S - 2  6  6 . 9  7 1  D  6 )  . 8 8  2 5  9  3 0  
S - 2  7  8 . 0  8 0  D  6 1  1 . 1 3  2 3  1 0  1 9  
S - 3  1  1 1 . 3  1 0 0  D  6 4  1 . 3 8  1 8  8  1 4  
S - 3  2  7 . 4  7 6  D  6 3  1 . 1 3  2 6  1 4  2 3  
S - 3  3  8 . 2  7 9  D  6 5  . 8 8  1 9  1 2  2 1  
S - 3  4  6 . 7  7 0  D  5 6  . 8 3  2 2  9  2 6  
S - 3  5  7 . 2  6 9  D  6 0  1 . 1 3  2 5  1 2  2 3  
S - 3  6  6 . 9  7 0  C D  5 6  1 . 0 0  2 3  1 0  2 3  
S - 3  7  7 . 2  6 6  C D  5 6  . 9 4  2 0  9  2 1  
S - 4  1  5 . 7  6 3  D  5 5  . 6 9  1 9  1 2  2 5  
S - 4  2  9 . 0  9 0  D  5 3  1 . 1 3  1 9  1 0  1 7  
S - 4  3  7 . 3  7 9  D  6 3  1 . 0 0  2 3  1 2  2 3  
S - 4  4  8 . 2  7 6  D  6 2  1 . 0 0  1 8  1 3  1 0  
S - 4  5  6 . 7  7 4  C D  6 2  . 9 4  2 3  1 4  2 4  
S - 4  6  7 . 1  7 3  C D  6 2  , 8 8  2 4  1 1  2 6  
S - 4  7  8 . 1  8 1  D  5 3  . 9 4  1 5  1 0  1 6  
M - l  1  6 . 4  6 5  D  4 6  1 . 1 3  1 9  1 4  1 6  
M - l  2  7 . 1  6 0  D  4 3  1 . 1 9  1 6  1 0  1 3  
M - l  3  7 . 3  6 6  D  4 4  1 . 3 1  1 6  1 3  1 1  
M - l  4  7 , 9  6 5  D  4 5  1 , 0 6  1 3  1 3  1 2  
M - l  5  5 . 4  5 3  D  4 2  l . O O  2 2  1 5  2 2  
M - l  6  6 . 0  5 4  C D  4 4  . 8 1  2 2  1 2  2 5  
M - l  7  7 . 2  6 5  D  4 1  1 . 0 0  1 5  1 0  1 5  
M - 2  1  6 . 2  5 9  D  4 3  1 .  3 1  1 9  1 6  1 5  
M - 2  2  9 . 2  7 6  D  4 4  1 . 1 9  1 0  9  8  
M - 2  3  8 . 0  7 1  D  VI 1 . 0 0  1 4  9  1 4  
M - 2  4  6 . 8  6 3  D  4 i  . 8 1  1 1  1 3  1 4  
M - 2  5  7 . 0  6 2  D  4 7  1 . 2 5  2 2  8  1 9  
M - 2  6  7 . 3  6 5  D  4 4  1 . 2 5  1 5  1 0  1 1  
M - 2  7  7 . 5  6 5  D  4 5 '  1 ,  1 3  1 4  1 1  1 3  
> ' - 3  1  6 . 0  5 2  C D  4 5  . 9 4  1 7  1 4  1 9  
M - 3  2  5 . 9  5 6  D  4 4  1 . 0 6  1 5  1 6  1 4  
M - 3  3  6 . 1  6 2  D  4 1  1 . 0 0  1 7  1 4  1 6  
M - 3  4  8 . 7  6 4  D  4 6  1 . 0 6  1 4  1 3  1 3  
M - 3  5  7 . 0  5 9  D  41 1 .  1 3  1 6  1 3  1 5  
M - 3  6  6 . 8  6 1  C D  4 S .  1 . 3 8  2 0  1 4  1 4  
M - 3  7  6 . 8  6 8  D  4 5  , 8 1  1 0  1 4  1 3  
3  
4 
5 
6 
7 
1 
2 
3  
4 
5  
6 
7 
1 
2 
3  
4 
5 
6 
7  
1 
2 
3  
4 
5 
6 
7 
1 
2 
3  
4 
5 
6 
7 
1 
2 
3  
4 
5 
6 
7 
1 
2 
3  
4 
5 
6 
7 
1 
18 
18 
21 
21 
1 7  
1 7  
18 
2 2  
20 
1 4  
16 
1 5  
18 
18 
1 9  
1 3  
1 4  
1 4  
16 
16 
1 7  
1 5  
1 4  
18 
1 7  
1 3  
1 4  
1 6  
1 7  
1 9  
18 
1 9  
9  
1 5  
2 3  
2 0  
1 7  
15 
2 3  
2 0  
2 4  
1 9  
2 4  
1 8  
1 9  
1 7  
1 9  
1 3  
1 7  
MEASURED SAMPLE 
7 , 2  6 6  C D  
7 . 9  6 6  C D  
7 . 3  7 0  D  
6 . 3  6 1  C D  
7 . 6  5 9  C D  
7 , 2  6 6  C D  
8 . 0  7 8  C D  
7 .  4  7 5  C D  
8 . 9  7 4  D  
8 . 3  7 1  D  
7 . 0  7 2  C D  
7 . 6  6  6  D  
7 . 8  7 6  D  
5 . 3  5 1  C D  
5 . 5  5 5  D  
7 . 7  6 5  D  
7 . 0  6 5  D  
6 . 5  6 1  D  
6 . 1  5 1  D  
6 . 3  5 5  D  
5 . 5  4 7  D  
6 . 6  5 8  D  
7 . 2  5 8  D  
5 . 6  5 4  D  
6 . 3  5 8  D  
8 . 9  6 7  D  
6 . 7  5 6  D  
5 . 8  6 0  D  
6 . 7  5 3  D  
4 . 9  5 0  D  
6 . 7  5 9  D  
5 . 2  4 8  D  
8 . 2  6 1  D  
7 . 4  6 5  D  
8 . 4  7 9  D  
7 . 9  7 3  D  
8 . 2  7 7  D  
8 .  2  8:) D  
6 . 9  7 6  C D  
7 . 1  7 1  C D  
7 . 3  7 5  C D  
7 . 8  7 6  C O  
6 . 8  7 3  0  
7 . 9  7 8  C D  
7 . 0  7 6  D  
7 . 6  7 4  C O  
8 . 2  7  4  0  
9 . 3  7 9  D  
7 . 3  6 1  D  
D A T A  ( C O N T I N U E D )  
1 . 1 3  2 0  1 4  
. 8 8  1 6  1 6  
. 8 8  1 9  1 6  
1 . 0 0  2 1  1 4  
1 . 0 6  1 8  1 3  
.  8 8  1 5  1 3  
1 . 1 3  2 1  1 2  
1 . 0 0  2 2  1 4  
. 6 9  1 5  1 3  
1 . 3 8  1 6  1 1  
1 . 1 3  1 8  1 4  
1 . 1 9  1 8  1 2  
1 . 0 0  1 8  1 3  
1 . 0 6  1 9  2 3  
1 . 1 3  2 0  2 4  
1 . 0 6  1 4  1 2  
1 . 0 6  1 5  1 6  
l . o o  1 4  1 9  
. 9 4  1 5  1 6  
1 . 1 3  1 7  1 5  
1 . 1 9  2 0  1 8  
. 9 4  1 4  1 8  
1 .  4 4  1 8  1 2  
1 . 1 3  19 2 0  
1 . 2 5  2 0  1 9  
1 . 0 6  1 4  1 4  
1 .  2 5  1 7  2 0  
1 . 1 3  1 8  1 4  
1 . 0 0  1 7  1 4  
1 , 0 6  2 0  1 8  
. 6 9  1 4  1 4  
l . r o  1 9  1 9  
. 9 4  1 4  1 5  
. 8 8  1 4  1 6  
1 . 1 3  2 4  9  
. 9 4  1 9  3  
1 . 4 4  2 4  7  
1 . 1 3  1 7  1 4  
. 9 4  2 2  1 5  
. 9 4  2 1  8  
. 7 5  1 9  9  
1 . 0 6  2 0  1 0  
. 9 4  2 3  8  
1 . 0 6  1 9  1 1  
.  9 4  V  8  1 1  
1 . C 6  1 8  1 8  
1 . 1 3  2 1  1 2  
1 . 1 3  1 5  9  
. 5 5  9  1 5  
TREE 
43 
53 
5) 
48 
48 
47 
55 
51 
49 
49 
48 
48 
53 
44 
49 
45 
45 
44 
47 
41 
47 
52 
43 
4 9 
40 
52 
52 
45 
4B 
47 
46 
45 
47 
4 5 
62 
57 
52 
6 4 
63 
53 
59 
56 
43 
55 
55 
5 7 
6 9 
5 7 
49 
3  
4  
5  
6 
7  
1 
2 
3  
4  
5  
6 
7  
1 
2 
3  
4  
5  
6 
7  
1 
2 
3  
4  
5  
6 
7  
1 
2 
3  
4  
5  
6 
7  
1 
2 
3  
4  
5  
6 
7  
1 2  
1 5  
1 7  
IS 
20 
1 7  
16  
16 
1 9  
9  
10 
1 5  
1 4  
8 
1 4  
1 2  
1 9  
1 4  
1 5  
1 4  
1 5  
9  
1 3  
11 
1 3  
1 7  
1 5  
1 3  
1 7  
1 4  
16 
1 3  
1 8  
1 5  
10 
1 7  
1 4  
12 
11 
2 3  
M E A S U R E D  S A M P L E  
7 , 0  6 6  D  
7 . 3  6 9  D  
7 . 3  6 9  D  
6 . 4  5 0  D  
5 . 3  4 9  D  
6 . 7  7 8  D  
6 . 2  5 5  C D  
5 . 5  5 5  S D  
6 . 7  6 4  C D  
8 . 2  7 0  D  
6 . 6  5 3  D  
5 . 4  5 2  C D  
6 . 2  5 1  C D  
8 . 7  7 6  D  
7 . 8  6 6  0  
8 . 4  8 0  D  
6 . 7  6 5  C D  
6 . 9  6 8  C D  
6 . 1  5 5  C D  
7 . 2  5 8  C D  
5 . 7  5 7  C D  
7 . 3  6 0  D  
6 . 5  5 7  C D  
6 . 1  5 8  C D  
5 . 9  5 8  C D  
5 . 2  4 9  C D  
8 . 3  6 5  D  
8 . 4  6 0  D  
7 . 7  6 6  D  
7 . 4  6 6  D  
8 . 7  7 0  D  
7 . 9  6 3  0  
6 . 2  6 2  D  
7 . 8  7 0  D  
7 . 0  6 5  D  
6 . 9  5 3  D  
7 . 9  8 4  D  
8 . 1  7 8  D  
6 . 9  6 4  C O  
6 . 0  5 8  C D  
D A T A  ( C O N T I N U E D )  
. 9 4  1 1  1 4  
. 9 4  1 4  1 1  
. 9 4  1 6  1 3  
1 . 0 6  1 7  1 5  
l . O O  2 0  1 9  
. 7 5  1 4  1 5  
1 . 1 3  1 7  1 5  
1 . 1 3  1 9  1 4  
. 8 8  1 7  1 8  
1 . 5 0  1 6  1 5  
. 5 0  7  1 7  
1 . 1 3  1 7  1 7  
1 . 0 6  1 5  1 8  
. 8 8  7  1 3  
. 9 4  1 3  1 4  
1 . 0 6  1 3  1 1  
. 9 4  1 8  1 7  
1 . 1 3  1 6  1 1  
1 . 2 5  2 0  1 2  
1 . 0 0  1 4  1 0  
. 9 4  1 4  1 8  
1 . 7 5  1 7  1 7  
1 . 1 9  1 5  1 6  
1 . 0 0  1 1  1 7  
1 . 1 9  1 6  1 9  
1 . 1 9  2 0  2 1  
1 . 0 6  1 6  1 1  
1 . 0 0  1 3  1 3  
1 . 0 0  1 7  1 4  
. 8 8  1 3  1 2  
1 . 1 3  1 7  9  
1 . 1 3  1 4  7  
1 . 1 3  2 0  1 8  
1 . 1 3  1 6  1 2  
1 . 3 1  1 4  1 8  
1.00 1 7  1 6  
1.00 1 4  1 1  
1 . 3 8  1 6  1 8  
1 . 3 8  1 6  1 7  
. 7 5  1 9  1 3  
T R E E  
4 4  
4 5  
45' 
4 7  
16 
45 
45 
4 5  
4 6  
4 3  
4 4  
39 
49 
4 1  
46 
4 2  
4 0  
49 
4 6  
4 5  
43 
4 5  
4 5 
4 5  
45 
4 5  
5 )  
4 7  
4 8  
5 )  
44 
4 2  
48 
5 1  
4 9  
4 7  
5 )  
5 1  
4 9  
4 8  
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APPENDIX 6 
Stocking of Sample Sites 
Sample Site Stocking Data 
Site Stocking Site Stocking Site Stocking 
S-l 1433 M-l 2392 F-l 1913 
S-2 2152 M-2 2034 F-2 1675 
S-3 1913 M-3 1315 F-3 1077 
S-4 1913 M-4 1675 F-4 1077 
M-5 1315 F-5 1196 
M-6 1315 F-6 1077 
M-7 956 F-7 1436 
M-8 1196 F-8 1315 
APPENDIX 7 
Moisture Stress Measurement Data 
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M O I S T U R E  S T 3 E S S  M F A S U R E M E H T  D A T A  
S I T E  
C O D E  
T R E E  
NUMBER 
S T R E S S  
( M S G A -
P A S C A L S )  
M O N T H  D A Y  T I M E  
S - l  
S - l  
S - l  
S - 2  
S - 3  
S - 3  
S - 3  
S - 4  
S - 4  
S - 4  
F - l  
F-l 
F - l  
F - 2  
F - 2  
F - 2  
F - 2  
F - 3  
F - 8  
F - 8  
M-l 
M-l 
M-l 
M - 2  
M - 2  
M - 2  
M - 3  
M - 3  
M - 3  
2 
3  
4  
1 
1 
2 
3  
1 
2 
3  
1. 
2 
3  
1 
2 
3  
4  
1 
1 
2 
1 
2 
3  
1 
2 
3  
I. 
2 
3  
1 .  8 9 6  
1 . 9 9 9  
1 . 5 3 4  
1 . 6 5 5  
. 8 9 6  
1.062 
.  8 9 6  
1 . 3 3 4  
. 8 9 6  
. 9 6 5  
. 7 9 3  
1 . 0 6 9  
. 862 
1 .  5 1 7  
1 . 8 0 0  
1 . 7 9 3  
1.862 
1 . 7 9 3  
1 . 8 9 6  
1 . 3 7 9  
. 5 5 2  
•  4  4 8  
.  4 8 3  
.  4 1 4  
.  5 1 7  
. 5 1 7  
. 6 2 1  
1 . 3 1 0  
1 .  5 8 6  
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
a 
8 
8 
8 
1 2  
1 2  
1 4  
1 2  
1 4  
1 4  
1 4  
1 4  
1 4  
1 4  
14 
1 4  
1 4  
1 4  
1 4  
1 4  
1 4  
1 3  
1 . 4  
1 4  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
1 9 2 7  
2 3 1 6  
6 3 5  
2 2 4 6  
6 5 1  
7 0 1  
7 1 2  
7 2 3  
7  3 0  
7 4 7  
810  
8 1 9  
8 3 4  
8 5 5  
9 1 3  
9 3 5  
9 5 3  
1 0 2 6  
7 4 5  
9 9 9 9  
8 0 2  
810 
820 
8 3 6  
8 5 5  
9 1 1  
9 3 3  
9 4 5  
1 0 0 4  
181 
M O I S T U R E  S T R E S S  M E A S U R E M E N T  D A T A  
( C O N T I N U E D )  
S I T E  T R E E  S T R E S S  
C O D E  N U M B E R  ( M E G A -  M O N T H  D A Y  T I M E  
P A S C A L S )  
M - 7  7  2 . 7 5 8  8  1 4  1 8 2 8  
M - 8  I  2 . 0 6 8  8  1 4  1 8 0 0  
M - 8  2  2 .  4 1 3  8  1 4  1 8 0 2  
H - 8  3  2 . 4 1 3  8  1 4  1 8 0 4  
H - 8  4  2 .  5 5 1  8  1 4  1 8 0 6  
M - 8  5  2 . 5 5 1  8  1 4  1 8 0 6  
M - 8  5  2 . 7 2 3  8  1 4  1 8 0 7  
K - 8  7  2 . 7 5 8  8  1 4  1 8 0 8  
M - 8  3  2 . 7 2 3  8  1 4  1 8 1 0  
M - 8  9  2 . 7 2 3  8  1 4  1 8 1 1  
M - 8  1 0  2 . 5 8 6  8  1 4  1 8 1 2  
F - 3  I .  2 . 1 0 3  8  1 3  1 9 1 0  
F - 3  2  2 . 1 3 7  8  1 3  1 9 1 2  
F - 3  3  2 . 1 3 7  8  1 3  1 9 1 3  
F - 3  4  2 . 0 6 8  8  1 3  1 9 1 4  
F - 3  5  2 . 2 3  6  8  1 3  1 9 1 6  
F - 3  6  2 . 2 7 5  8  1 3  1 9 2 0  
F - 3  7  2 . 2 4 1  8  1 3  1 9  2 4  
F - 4  I  2 . 2 4 1  8  1 3  1 9 2 5  
F - 4  2  2 . 2 7 5  8  1 3  1 9 2 6  
F - 4  3  2 . 1 3 7  8  1 3  1 9 2 7  
F - 4  4  2 . 1 0 3  8  1 3  1 9 2 8  
F - 4  5  2 . 2 0 6  8  1 3  1 9 3 1  
F - 4  6  2 . 2 0  6  8  1 3  1 9 3 3  
F - 4  7  2 . 2 3 6  8  1 3  1 9 3 5  
F - 5  1  2 .  2 4 1  8  1 3  1 9  4 0  
F - 5  2  2 . 1 8 6  8  1 3  1 9 4 1  
F - 5  3  2 . 2 4 1  8  1 3  1 9 4 2  
F - 5  4  2 . 2 4 1  8  1 3  1 9  4 4  
F - 5  5  2 . 2 4 1  8  1 3  1 9 4 5  
F - 5  6  2 . 2 4 1  8  1 3  1 9 4 7  
F - 5  7  2 . 2 4 1  8  1 3  1 9 4 8  
F - 6  1  1 . 8 6 2  3  1 3  1 9 5 4  
F - 6  2  2 .  4 1 3  8  1 3  1 9 5 6  
F - 6  3  2 .  4 1 3  8  1 3  1 9 5 7  
F - 6  4  2 .  2 7 5  8  1 3  1 9 5 8  
F - 6  5  2 .  3 4 4  8  1 3  2 0 0 5  
F - 6  6  2 .  7 2 3  8  1 3  2 0  0  2  
F - 6  7  2 . 6 8 9  8  1 3  2 C 0 4  
F - 7  I .  2 . 2  7 5  8  1 4  1 9 1 8  
F - 7  2  2 . 2 4 1  8  1 4  1 9 1 9  
F - 7  3  2 , 3 4  1  8  1 4  1 9  2 1  
F - 7  4  2 . 1 3 7  8  1 4  1 9  2 2  
F - 7  5  2 . 2 0 6  8  1 4  1 9 2 3  
F - 7  6  2 . 2 0 6  8  1 4  1 9 2 4  
F - 7  7  2 . 2 0 *  8  1 4  1 9 2 5  
F - 8  1  1 .  9 6 5  8  1 4  1 9 3 5  
F " 8  2  1 . 6 8 9  8  1 . 4  1 9 3 6  
F - 8  3  1 .  8 9 6  8  1 4  1 9 3 7  
S - l  1  1 . 7 9 3  8  1 2  1 9 1 2  
APPENDIX 8 
Bulk Density Measurements 
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Bulk Density Measurements 
(g/cc) (g/cc) 
Site Layer Bulk Density Site Layer Bulk Der 
S-l Andic 0.92 F-l Andic 1.09 
Subsoil 1.53 Subsoil 1.49 
S-2 Andic 0.71 F-2 Andic 0.97 
Subsoil 1.50 Subsoil 1.50 
S-3 Andic 1.09 F-3 Andic 0.99 
Subsoil 1.80 Subsoil 1.71 
S-4 Andic 0.99 F-4 Andic 0.60 
Subsoil 1.62 Subsoi1 1.56 
F-5 Andic 0.88 
M-l Andic 0.95 Subsoil 1.65 
Subsoil 1.50 F-6 Andic 0.85 
M-2 Andic 0.89 Subsoil 1.51 
Subsoil 1.59 F-7 Andic 0.71 
M-3 Andic 0.97 Subsoil 1.64 
Subsoil 1.64 F-8 Andic 0.90 
M-4 Andic 0.86 Subsoil 1.41 
Subsoil 1.40 
M-5 Andic 0.87 
Subsoil 1.69 
M-6 Andic 0.78 
Subsoil 1.62 
M-7 Andic 0.76 
Subsoil 1.33 
M-8 Andic 0.84 
Subsoil 1.22 
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Particle Size Analysis 
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Particle Size Analysis 
Site Drainage % Sand % Silt % Clay Soil Texture Horizon 
S-l SI ow 22.4 50.0 27.6 Silt Loam II A2 
20.4 42.0 37.6 Clay Loam II A+B 
S-3 Slow 30.4 44.0 25.6 Loam II A2 
28.0 42.4 29.6 Clay Loam II B+A 
S-4 Slow 30.4 42.0 27.6 Loam II A2 
30.4 38.0 31.6 Clay Loam II A+B 
M-2 Moderate 46.4 40.0 13.6 Loam II A2 
42.8 43.6 13.6 Loam II A+B 
M-5 Moderate 38.8 45.6 15.6 Loam II A2 
32.8 49.6 17.6 Loam II A+B 
M-6 Moderate 24.8 57.6 17.6 Si 11 Loam II A2 
26.8 53.6 19.6 Silt Loam II A+B 
F-5 Rapid 38.8 39.6 21.6 Loam II A+B 
F-6 Rapid 48.8 37.6 17.6 Loam II A2 
42.8 43.6 13.6 Loam II B2 
F-8 Rapid 34.8 47.6 17.6 Loam II B+A 
46.8 37.6 15.6 Loam II B2 
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APPENDIX 10 
Original Soil Analysis Data 
SOIL IONIC CONTENT BY SitfPLS SITE 
LE SITE HORIZON TOTAL • -6 HC'IZCN PE'C *! 
ER COD-; DESIG CA CU FE K KG VJ{ N A ZN N PC4 NO 3 H X 1C ?«IC"^3£ r r ; -
.. _ _ _ _ — — _ 
— 1
 1 
1 
I 
1 
1 
1 
|
 
1 
I MCAOGSAHS / - 1
 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 .... —— (PPM) 
......... 
(INCHES) 
, _ 
S-l 921 ':: .9 •',. 12? 4 6 i?.: ;o .3 587 253. 2 4.5 1.950 ^-1.5 
2 S-l 593 .9 4. 3 75 55 ft.3 26 . 4 878 51. 6 3.3 1.535 1.5-7 1 c 
3 s-i II 321 5 40 1.6 1. 0 25 30 2.5 15 .5 1 ?3 A • 6 2.7 6.6-17 7-14 50 
4 S-l II 322 753 2.1 2. 5 5C 128 3.3 16 .5 217 3. 1 2.7 7.762 14-20 C J* 
5 S-l II 323 USD 1.6 5. C 75 ' 22 5 5.? 20 .5 192 9. 9 2.0 6*166 26-40* 25 
^LE SITE HG 3 12 0 '-J TOTAL • -6 HC?IZCV ?£r.Ci 
Cnn? 2 ? S IG CA CU F£ K VG M? NA ZN ;; PC4 N: 3 H X 10 -HICVNESS CCA? 
«... ..... .... ... „ ... .... 
ICRCCRAM S/CFAM ........ i 
i 
» 
I 
i 
J 
I 
i 
i i ....... — — -.. < ? ?  
M) 
... ...... 
6 £-2 321 9^: 1. 5 5. J 17? 51 5. c 26 • 4 955 79. 0 3. 8 3, 715 0.5-7 20 
7 S-2 822 930 1. 5 4. 0 17C 54 2. 5 28 .4 785 26. 0 4. 5 1. 62: ~-l2 2C 
S 5 - ~ II A2 5g0 1. 5 1. 0 45 53 1. 3 22 . 4 224 5. 1 3. a 5. 6?3 • c CA v V 
0 5-2 11 3-ZZ 550 1. o 1. 0 33 61 * 3 17 .5 139 1. 5 3. p • 4 £ 7 15-: = 7 0 
1 *«• s-: 7 I *22 51T 2. 5 «» 45 56 2. 5 15 . 4 133 2. 2 3 . 3 6. 457 13-24 7? 
s-2 I X : 12 NO 1 • C 4. ; 95 22 'J T 4_ 3 23 .i 231 1. 0 1. 7 6. 213 3 4- ?C • 2C 
sir? HO?. 1Z 0 N TOTAL • -6 ?z~cz 
E DZZ ' n C A CU FE K HG «N NA ZN N ?G4 .NO 3 H X 10 THICKS?SS CG AH 
... .... ... .... 
..•....< 
.... ... 
MICRCGPJ 1XS/3RAM-........ 
.... 
- - - - - - (ppv) 
......... 
(INCH'S) F •? A ̂  * 
12 5-3 B21 575 1.4 4. w 95 5C 12.5 1-7 • 4 643 120. 8 3.5 2.7"4 C-7 20 
13 S-i 322 975 1.9 4. 0 113 40 3.0 22 .4 653 53. h 3.3 1 • Z'-Q 7-12 15 
14 S-? II ;»3 493 2.1 1. 3 30 66 2.C 13 • 4 172 C.l 2.0 2.138 12-1 * 45 
IS S-3 II d *• *. 525 2.9 i 0 30 3C 3.3 22 .4 172 0.0 2.7 10. -571 lh-31 c c 
16 S-3 II 392 2.5 2. 5 75 150 3.8 13 • 3 185 4.5 1.4 6.C26 31-^: + 45 
S? E CIA L H 3RIZ 2.N C3D ES 
ii - = T'jNG VES QF THE II A2 MA TSRIAL 
II 32** = MATERIAL COLORED BY WEATHERING OF ROCK BUT AT A DISTANCE FROM THE ROCK 
II s MATERIAL COLO*Id Stf WEATHERING OF ROCK AND ADJACENT TO THE POCK 
*- = S'ULLOrf INCLUSIONS 
"*• = DEEP INCLUSIONS 
I—* 
00 
^4 
SOIL IONIC CONTENT BY SAMPLE SITE CONTINUED 
tO [ T sir* FOR rzos TOTAL • -6 HC?I7.rv PZ9CZ 
'3£R cscr DS5 ic CA CU EE K MG MN SA ZN s PC4 S03 H X 10 THICKNESS CC2.P 
li.-- — »» - ———«• — — _  
MICROGRAMS /CRAV — — — — — —  i
 
i
 i
 
i 
i 
i 
i 
i 
i 
i 
i
 
(r?M) CKCi.iZ) FSAC* 
17 S-4 32?. 753 1.5 5- 3 195 59 13.0 17 .4 9?4 15?. 1 2. 3 2.512 C - 3 • c. 
15 S--: 322 500 :.c 5. \> 153 6 5 e ̂ 3 15 .3 670 i55. 3 :»3 3. 2:6 j-*" t IZ 
1 9 ?-4 53 325 2.1 1. .•) 63 39 3. r. 11 . 4 214 32. 5 2.3 9.12: 9-14 - c > "X 5-4 ;+3 525 2.1 1- 0 38 79 3.0 IS • 4 169 C.3 2.7 6.7 CI 14-:c 55 
21 S- •* ri 0,+ \ 675 2. 4 i. • 5 45 K9 3.8 14 • 4 19 5 2,6 2.0 7.762 20-31 5C 
2 2 3-' II 32 950 1.8 4. 3 95 19 8 4.5 18 .3 220 6.3 1.2 12.022 31-41 • t * 
SITE H0S IZOS TOTAL 4> -6 H"r 17,OS* ?£PCE 
" 5 K cccs 2£S I o CA CU FE X MG MN NA ZN N P04 N'l 3 11 X IC TKIC 2 T C -
..... ....... -
i t l i 
i i 
i t 
l I
 _ «»«» 
4ic?.vz?.k * y 
•» — •* — 
• ----"** CP" *') 
.... 
X v ** ~ ,i  ̂  »-
23 y-i * 560 2. rt 2. 45 6C 5. j 22 1.5 423 45. 9 2. j 48. 57 a r - . J 
2- .V-i 510 2« 0 b. j 100 31 17. 7 30 « y 962 21. 9 2. 0 12. o 3 1.5- " Z 
25 •v-' ''» 2 350 3 # •*.. 1 ?5 14 2. e 25 C . J 46 5 1 3. 4 2 7 ?. 7 ̂  c 7- 4*1 
2*. y-i r i * 'i  ̂?> ;• 3. 1 A. 30 2C 2 • ? i 4 f. 1-5 5. A 2. r 19. •5. 12- c 5C 
:: 7 y-i 11 i 2 2 510 j. i 1 25 36 2. 5 13 .6 107 2 2 2. 2v . •i? 7 1 ̂ — 3 5 C 
2t- «w—i 11 ;>A 12 2 J 3. i 2. 5 45 96 4. Li 15 . 5 IS V 0• 3 1. 7 1 -t 5 °* 23- 0 • - r 
'c L'' oi r { U13 
-L$ 
IZ3«; 
CA CU F: X KG NA ZN 
TCTAL 
N r J *» S'3*» 
*• 
I! 
-6 
/. 10 
HC" I7.CS 
T :J A *" v \ 7 S S 
< ' . c, * 
fiKcr 
CGAr 
C 3 * ' ' «» 
29 y- 2 
---
A 2 1125 3. 4. 3 G8 55 27.3 1.1 827 i 5.3 13. 1-3 
\ * • >> r ^ / 
C-0.5 
r "< >J 
C 
2 0 V-2 H21 90 3 2. 0 5. 3 123 45 15.3 23 .6 933 48. 1 2.7 4. 898 C.5-6 3 : 
31 y-2 .^22 750 1, a 4. 3 135 39 26 .5 6'-i •* • 0 2.7 Q 71^ 6-12 •>.-
3 2 y-2 T T 1J 910 «.« 4. 3 25 29 1.3 22 .5 155 5. •i 2.3 0 . A • > »\ A 4*" - ? 65 
33 M-2 T t ;*9 10 50 A . 6 2. 5 30 31 3.C 18 .5 141 3 • 7 2.7 4. 467 19-27 65 
34 y-2 II 34-A 1190 2. 3 5. 3 53 39 3.0 19 * 4 155 2. 6 2.0 0. 562 27-40 *• 65 
SPECIAL HORIZON CODES 
II A2» = TONG'.'ES 0~ THE II A2 MATERIAL 
II H2** = HATFUL COLORED BY WEATHERING OF ROCK BUT AT A DISTANCE FROM THE ROCK 
II h2«** = .-'ATEXIAL COLORED BY WEATHERING OF ROCS AND ADJACENT TO THE ROCK 
= SHALLOW INCLUSIONS H 
**- = DEE? INCLUSIONS CD 
CO 
SOIL IONIC CONTENT SY SA?>iPLE SITE CONTIN'Jr.O 
<?Ll SIT: RQSIZOS TOTAL • -5 HCFIZCV P5RCE' 
• ;zr  CC;E: CS5IG CA CU FZ R KG HN ft A ZN N PC4 NG3 H X 10 TKICXSSSS C  0 S :  
_ _ _ _ _ ~~~~ _  _ _ _  MICRnSRAHS/GaAM— — _ • _  _____  
(PPM) 
_ _ _ _ _ _ _ _ _  
(INCHES) F?AG:-:I 
35 A2 423 2.3 6.3 13 J 40 27.0 22 1.4 53.4 4.5 97.7 2 4 C-C.5 * 
35 V— 3 32 41? 1.9 4.0 123 21 11.3 24 . 4 722 3.8 2.7 15.349 C.5-? 10 
37 H-3 33 3?C 2.0 1.0 50 24 0.5 19 .3 179 11.7 2.: 6.913 9-11 1C 
33 M-3 II *2 430 2.5 1.3 25 24 0.5 17 . 4 33 4.9 2.3 6. 91 S 11-12 25 
39 *-:• II ii' 543 3. 0 2.5 25 49 2. 3 21 .5 157 4.9 2.C 15.135 24-34 20 
40 y-3 II 4*3 3W 2.8 1.3 20 31 0.5 19 .4 104 4.9 2.3 7.943 12-19 33 
41 y-3 II 3<-» 6/5 2.1 1.0 25 64 0.9 15 .6 88 4.1 3.2 9.333 19-31 ^
1  
42 M-3 III C 933 2.2 1.3 53 1C6 3.3 25 • 5 36 2.6 3.8 4.074 31-40 + 45 
PC FIT OK PERCENT 
THIC'-S-.3S COARSE 
( INCHES) KR AGW£VTS 
43 y-4 A2 6 2 0  1.6 1.9 1 2 0  8 0  67.5 3 3  1.1 692 195.2 3.8 19.055 0-1 C 
4 4 y-4 321 IR 8 0 5 1.5 4.0 253 71 45.5 3 5  .5 852 549. 2 3. 2 5.C12 • *" «i •: 
45 u_- 3x2 745 1.3 1.0 142 35 9.0 3 9  .4 455 43.4 2.7 1. I 5 2-5 1. 
45 Y-4 323 7 S3 1.3 1.3 142 43 4. 4 3 7  .5 62 6  151. 4 2. 3 1.C47 E-?.5 it 
47 M-4 33 603 1.4 1.3 1 53 31 2.5 3 4  . 4 433 61.0 2.7 1.347 d.5-12 :c 
4? y- 4 II kl 570 1.9 1.3 34 68 0.9 28 .5 119 13.1 2.3 1.660 12-15 3 5  
T9 M-4 II 321 T 775 1.6 1.3 25 34 0.5 35 . 4 145 1.7 2.3 2 .  £1 3 U-l? 6? 
S3 M-4 II a22 1C 75 1 . 6  1.0 39 90 1.3 35 . 5 163 1.1 1.2 5.CI2 19-2? 5: 
il y-4 II -.23 1033 1.9 1 . :  53 154 2 . :  33 .4 157 1.1 3.2 6.310 29-<i* 0 
SAMPLE SITS HORIZON TOTAL • -6 
SV*MR C02-Z CESIG CV C'J F5 *: MG ^ MN ^ NA ZN N P04 NC3 H X 1" 
!PLE 31T E HO? 12 0 N TOTAL • -6 ?ES:F 
CCCi CIS 10 CA CU FF. MC «N NA 7.N N ?D4 •N3 H X I: IFITCI'SSSS CCi* 
.... ..... 
— ~ — -
- _ _ _  _ — _ _ _ _  
KICP.CS3AMS/GRAM-
_ _ _ _  , 
(F?W) {INCHIS) RS I3>' 
52 M-5 31 9 93 .8 5.3 235 6 6 85.5 41 .5 347 3C6.6 4.5 7.2 44 0-1 c 
53 M-v 321 1333 1.7 2.5 95 36 3.3 41 .4 757 4.7 4.5 1.122 1-7 10 
54 M-r E22 5 93 1.4 1.3 100 34 2.0 49 .3 582 10.1 4.= 1.995 7-14 10 
55 V-5 II A 2 490 1.6 1.0 30 53 1.3 13 .1 146 12.5 5.2 4. 3 55 14-17 
5 6 II *•3 443 1.9 1.3 25 54 C.5 12 .3 119 3.5 4.5 6.6C7 .17-24 5 5 
57 y-5 II B*A 4'J3 1.5 1.5 30 65 1.3 12 . 4 112 4. 1 3. 2 1C.233 24-35 7; 
58 M-5 II 32 975 1.6 4.3 55 91 2.5 15 .1 139 1.1 2.0 13.493 36-42 + 6C 
SPECIAL HORIZON COSES 
i i  A2* = TOSG ' ;ES or THE II A2 MATERIAL 
II !<:*• 5 MATERIAL COLORED 3Y LEATHER ING 0? ROCK BUT AT A DISTANCE FROM THE ROCK I—1 
II L'2"*» = MATERIAL COLORED BY WEATHERING OF ROCK AND ADJACENT 10 THE ROCK 
= S-'ALLOTF INCLUSIONS 
**M - DEE? INCLUSIONS 
SOIL IONIC CONTENT BY SAMPLE SITS CONTINUES) 
SAMPLZ SITS HC 9  I7.0N TOTAL * -6 HCRIZCN PERCENT 
NUMBER CODS D£ SIG CFC CO FE X MG HN NA ZN K  P04 N03 H X 10 THICKNESS CCARSE 
—•» ...... 
i
 
i 
t 
i 
i 
• 
i
 i
 
i
 i
 
i
 
i X ICP.OGRAHS/GRAM-
.... .... ...... ..... 
(PPV) (I-'CVES) FS<"K INTS 
59 H-5 K 2  790 1.6 5-3 145 13 5 40.5 20 1.0 916 300.3 4.3 2.:: • C-1.S C 
M-I 321 3D5 1.5 4.9 225 35 11.3 *1 .3 1264 3.5 2-7 2.754 C.5-7 15 
61 M-6 322 210 1.6 4.0 135 19 3.9 19 • 3 839 9.5 3.2 5.245 7-12 15 
62 H-6 11 A2 210 1.8 1.0 30 21 0.5 12 .1 132 39.4 2.7 21.67 6 12-16 45 
63 *-6 II A*B 2 43 2 • "3 1.3 20 25 0.5 12 .4 119 16.7 2.3 35.431 16-32 55 
54 M-6 II 32** 54C 2.5 1.0 33 61 8.5 13 .3 171 37.3 2.C 26.2C3 32-4?* 45 
65 H-6 II 32*** 810 1.5 1.0 33 94 3.0 12 .3 165 27. 9 2.3 20.417 22-4s* C 
RLE SITE 
CODE 
U 'J 
CE 
?IZ3N 
SIG CA CU FE K KG HN NA ZN 
TOTAL 
S P04 NC 3 ii 
* -6 
H X 15 
!!C? IZ^N 
TKITKKESS 
?E.:;.CF 
C0AR 
5 5 Y-7 
— 
A 2 1100 1.4 10. 3 220 121 129. 5 24 1.3 1439 377. 7 
( P? 
6. 
7 
2 47.£63 
{£ N C H E 5) 
0-3.5 C 
6 7 * i—i 32113 630 .9 S. V 2;N 43 23. 9 1? 1 113^ 342. * 3. 2 7.5E6 ** u r- r  
«A y-7 322 5 6: .3 2. 5 145 50 **3. • j  ** 7 C V .1 907 1 3. 7 3. 2 3.;; 2 1.5-12 1C 
S3 .V-7 11 A 2 510 1.1 x . 45 53 C . 5 13 .3 237 77. 4 3. 2 1C.CCC 12-15 / » 
7 3 Y-7 11 A*N 610 1.4 1. 3 32 61 0. 5 1 I . 1 159 26. 1 t  2 10.565 15-24 4C 
71 »-7 II 3 21 675 1.5 4 • 5 3? 80 1. 3 12 .4 143 23. 3. 2 6.761 24-31 45 
72 M—7 II A ~ 2 775 1.5 4. • 5 45 1C 3 2. 0 12 .1 171 36. b 2. 0 9. 333 31-40* 55 
SIT V HOR T7.0N TOTAL • -6 HCPIZCV PERCENT 
C WW - :G C A CU FE K MG RN NA ZN N ?Q4 N03 H X 10 THICKNESS COJRSE 
.... ... .... 
VI CR03RA VS/GPAV — 
.... 1 
t 
1 
1 
! 
I
 
1 
|
 
1 1 
1 
1 
1 
I
 
t 
1 
1 
l 
1 
I
 
1 
|
 
. .... 
<P?«) tlNCr.'S) F:-: >"HENTS 
73 il.Q 321 1700 1.0 5.0 195 48 12.0 19 .1 1135 27.9 3.2 3.338 C-3 40 
74 312 793 1.5 4.0 163 34 5.5 IS .1 703 18.1 3.8 1.622 8-14 4C 
75 II A »B 625 1.3 6.3 53 29 2.5 13 .3 176 27. 0 2.7 1.660 14-1 ; 6 0  
76 tf-S II 3 •A 7 40 2.1 6.0 25 5 6 0.5 11 .1 105 14. 3 2.7 1.776 18-36 7C 
H-8 II 92 990 1.5 6.0 25 81 4. •/ 1 2 .4 139 13.1 3« 2 2.951 36-43* 63 
SPECIAL HORIZON CODES 
II A2* = TONGUES OF THE II A2 MATERIAL 
II 32" = MATERIAL COLORED 3Y WEATHERING OF ROCK 3l'T AT A DISTANCE FROM THE ROCX 
II X2^•^ = MATERIAL COLOP.EO BY WEATHERING OF ROCK AND ADJACENT TO THE ROCK 
•* = SHALLOW INCLUSIONS VO 
= cc£P INCLUSIONS O 
SOIL I2UIC COXTSST BY SAMPLE SITE CONTINUED 
SAMPLE SITE S33UOS 
NCXBSR CODE DESIC CA cu FE NA ZN 
TOTAL 
N PC4 N03 H X 10 
pppi 7 3*; 
raic.KNrss 
Pi P"V7 
CGiSSi 
---- . -_ .... •» — 
(PPW) (INCHES) F3*5"IS7S 
7 3 F-l 3 21 910 * 6 5.0 23 3 59 23.C I':: . 1 v; •_ 3.? 6» 51" C-4 0 
79 r - * 322 6i: 1.6 2.5 175 4 4 4,5 17 .1 £0 9 .• . 5 3.2 4. 467 4-1C •» -i . 
*0 F-l IT X 2  1.0 1.3 200 71 1.3 12 .1 2'o i:.i 2.3 12.023 iq.I t; 25 
F-l 11 J *• A 1*1 1.4 1.0 55 74 *> "» v 11 .1 175 :,4 2.: 52.431 15-3 9 70 
82 F-l II 32 250 1.5 1.3 50 133 0.5 13 .1 172 3.4 1.7 3:. SC3 39-43* 75 
PI.E SIT?: HC AIZCN TGTAL • -6 HCP.XRC; 
R< £2 C02Z r. t SIG CA CU F* R VG xs NA ZN y PC 4 NC3 K X 10 THICKNESS 
... «... .... «... _ 
AVS/G=AM- i i i i 
f i 
t 
t 
i t 
I
 ------ ---- (P-C <: -CHE2)- fr A •> 
S3 F»"* T21 ICS 1.5 5. 3 230 79 10.5 14 .3 790 76. 5 2. 3 3.IS2 C — 4 , -
O - F- 2 522 7 50 1.3 4. 3 195 73 2.5 16 .3 664 32. 1 7 1.315 4-12 "5 n >=5 F-2 II B *A 4 J: 5 1.1 1. j 95 71 3.5 12 .1 213 9. 9 2. 3 *.31? 13-11 
*6 F-2 11 M 2 543 2.0 1. 3 63 S 4 0.5 13 .3 133 3. 0 «. 0 15.C49 21 - 14 > *? C 
PL I SIT- •J <- TOT'iL •f -5 Hn?iz -•»; ?- = C=! 
ir Z?. C 3D £ S *o C * C'J r " K MG VN NA 7.N N °04 S03 M x i: T^:c:-.S5S CCi? 
— — — - --
(F' ,u) (I *• r H L 3 > F? AG". 
37 r-3 A2 K 1.6 5. £ 75 »4 c ^ •» 13 .5 452 42. 7 3.3 15. 218 c-; A 
dc F-3 31 6 SO 1.4 5. J 105 29 iii 5 13 .4 535 37?. 7 2.3 13. 4 9C 1-2 5 
S? 321 SCO 1.9 4. J 113 30 5.0 15 • 1 615 39. 4 2.7 5 633 2-7 3f 
02 "-3 -•22 5^3 1.4 4. 3 135 24 1.3 17 ' .3 419 5. 1 3.2 2. 692 7-14 •> • 
•S1 F-3 i: X2 725 1.9 i. c 2 C 49 V . *J 10 .1 10 5 4. 3 2.3 3, 152 14-23 r ̂  
92 F-3 II \2* 325 2.0 A . 30 49 1.3 11 • 3 119 3. 8 X.J 5. 24S 23-32 4C 
SPECUL Hoairos CODES 
2 r »2* 
II b;*» 
II B2*-* 
• « 
w*~ 
TQ-.G'JUS OF TH2 II *2 MATERIAL 
MATERIAL COLOK5D BY mMERISG OF ROCS BUT AT A OtSTANCE FROM THE ROCK 
KATSRIAL .C3L5RED BY WgATHERISS C? ROCK AND ADJACSXt TO THE ROCS 
SHALLOW INCLUSIONS 
DEEP INCLUSION'S 
SOIL IONIC CONTENT 5Y SAVPL2 SIT- CONTINUED 
SAMPLE SITE EXSIZDN TOTAL • -5 HCrlZCV t>Z?.CZ1T 
NUM323 CCC£ DSSIG CA CU F5 K y.c YN NA ZN N P04 NC3 H X 10 THICKS'; SS CO »ss 
MICRQGRAMS/GP.A:-
A  
(POM) CirrcHLSj F?.ACVE!*?S 
93 F-< A2 810 1.5 7.5 127 54 25.C 22 • S 13*33 155.1 2.C 55.43} c-: 25 
94 F-4 B21 1140 , 9 5.0 120 40 7.5 21 .1 8«7 25.2 3.2 6.166 i-:: 5C 
95 F-4 322 1350 i.o 4.0 135 35 3.0 26 .1 676 1.5 3. 2 2.630 12-21 6C 
96 F-4 33 2250 1.5 i.: 113 59 1*5 16 • 5 350 16.3 2.7 1.525 21-30+ 90 
SAMPLE SITE HORIZON 
NUMB£R ccrs DiSIC CA C'J FE K VG 
l 
f 
t 
i 
I 
i 
l 
I 
— ~ ~ — •  — — — - —  MICRSCR. 
97 F-5 A2 450 1.5 4.0 133 69 
F-5 i)2 1240 1.4 6.0 230 45 
<59 F-5 II A + 9 950 1.6 4.: 50 45 
(55.5 
10.5 
3.0 
NA 
15 
13 
11 
TOTAL 
ZN N 
.9 743 1C1.1 
.3 794 151-2 
.3 275 22.7 
Pi? 
NO 3 
(?PW> 
4.5 
4.5 
3.8 
52.491 
2.C69 
1. 445 
rMIC.'.NiSS 
(I:::HE3 ) 
c-; 
2 
12-22 
u?lz SIT" HO?IZCK TOTAL • -6 HCHI7CN' ?ZTCZ 
•M9SR cozi DSSIG CA CU FE X yc NA ZN N P04 SO 3 H X 10 TPIC* *SSS Z "J i ?. 
-- • • —K ICP.CGR. ̂MS/GKAV — ——— <??") CN^FS) Fr AG'-! 
— — - ---- • - ---- ---
l f 1 1 1 1 l f 1 — 
10C F-5 321 860 1.5 5. 0 150 36 8.8 15 . 5 757 32.1 2.7 4.169 C-4 50 
m F-6 922 6 50 1.5 4. 0 125 26 1.3 17 . 4 60 6 5.1 2.0 3.162 4-1 2 Cf 
1 0 2 F-6 II A; 910 1.3 1. 0 25 59 0.5 11 .4 172 7.9 2.0 3.338 12-16 ?c 
103 F-6 II 81 7 90 2.0 1. V 25 76 0.5 11 .3 139 6.5 3.2 3.631 16 - •* '* *• 85 
1/4 F-6 *»» 1075 1.5 2. 5 30 101 2.n 12 .1 150 3.8 1.7 6.457 16-** * 
135 F-6 * * ~ 960 1.0 1. 0 30 73 C.5 12 .1 237 11.2 1.7 7.244 16-40 0 
SPECIAL HORIZON CODES 
II \ 2 +  -  T0"8'J£S OF THE II A2 MATERIAL 
II B2*« = MATERIAL COLORED BY WEATHERING OF ROCK 9UT AT A DISTANCE F3CM THE ROCK 
II L'2*«* = VATEKIAL CDL0F.E3 SY WEATHERING OF ROCK AND ADJACENT TO THE ROCK 
= SHALLOW INCLUSIONS 
= DEEP INCLUSIONS 
lO 
l\J 
SOIL I3KIC CONTENT BY SAMPLE SITE CONTINUED 
IY?L£ SI" HO'. rzc?; TOTAL • -6 VCrlZCN PEFCI 
JM3ER COCS OES :G CA CU FS X KG KS NA ZN N PC4 N03 H X 10 THICKNESS CCA ? 
> ^ — — _ B O - — — —  _  _  _  _  _ _  _  _  
!ICRO-"RAMS/CKAM-••«•—••• <F?«) < IKCKES) FR AS.V 
1 V 6 F-7 321 1410 1.5 6.3 163 61 7.0 20 .3 1266 10.6 2.C 5.754 c-11 65 
157 F-7 B22 <90 1.1 5.5 163 21 0.3 14 • I 4C7 22.2 2.3 4.467 11-15 70 
1*3 F-7 II K 2 4o0 1.8 1.3 45 34 0.5 11 .3 175 20.3 2.7 3 . SO 2 13-17 7? 
1J9 F-7 II .1*8 6Dy 1.5 1.3 33 73 0.5 12 • 4 143 16.7 2.3 7.244 17-22 *5 
110 F-7 II 3 *A 660 1.8 1.3 25 90 2*5 11 .3 144 5.7 2.0 4.293 22-29 65 
111 F-7 II 32 1460 1.6 4.3 30 135 2.0 11 .1 161 4.6 2.0 1.230 29-43• 70 
1M ? L E s:: E H J£ 12 o«j TOTAL • -6 HOFIZC- PE?" 
)M3ES coo DES IG CA CU F£ K vc SA ZN N ?34 S03 H X 10 THICKNESS CCUR 
«... 
--------- ~ -••--MICROGRAM S/CPAM — 1 l 
t 
1 
1 
1 
1 (
 
1 
1 
l L 
L 
l 
1 
1 
1 
1 
1 
l 
1 
1 
1 
l 1 • 
1 
(PFY) (I--:': : )  F•> IZ". 
11"* r - <5 A2 960 1.3 2. 5 80 90 29.5 15 .9 893 64.4 3.8 : -.":' o-c.5 0 
113 F-.q 32 1 61? 1.0 13. 3 IDC 35 12.5 14 .3 959 23.9 2.3 6.318 0.5-12 45 
114 R. q B 2 2 410 1.2 6. 0 70 4 4 2.0 15 .1 593 41. 5 1.7 13.471 12-2C 41 
1' ̂ F-c II 3 +A 12 1.1 4. 0 38 121 5.0 13 .1 361 13.4 1.7 4.571 2r-"5 40 
116 p _ C II a ̂  490 1.3 5. 75 46 0.5 14 .3 344 56.2 2.0 14.125 2E—3C «• 35 
$P E CIAL H OR1L C N CODZS 
11 * 2 « - C-'ES OF THE II A2 MAT ERIAL 
:i ? 2 t» r :ur En IL COLORED BY W •A: 5'C;?,:NS OF POCJC E:/T AT A DIST AN'CE FPOM THE ?"Z K 
11 1'2 • • * = ' * T • .-il.-.L COLORED 9 Y * EAT HIKING OF ROCK AND ADJACENT TO T HE SOCK 
* • 3 0 L L «J *i INCLUSIONS 
T * -* = CEE ? I N'C L U 3 IJ M 3 
CO 
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APPENDIX 11 
Nutrient Content of Xylem Sap 
S I T E  
C O D E  C A  C U  F E  
S - l  2 . 3  . 6 3  . 2 5 0  
S - l  1 . 5  . 3 8  . 0 5 0  
S - l  2 . 2  . 8 3  . 1 2 5  
S - 2  4 . 5  • .58 . 1 2 5  
S - 2  1 . 5  . 3 0  . 0 5 0  
S - 3  2 . 5  1 . 2 5  . 1 2 5  
S - 3  3 . 0  . 7 3  . 1 2 5  
S - 3  3 . 5  . 7 5  . 1 2 5  
S - 4  3 . 5  . 7 5  . 0  5 0  
S - 4  3 . 5  . 7 5  . 0 5 3  
S - 4  2 . 5  . 8 0  . 0 5 0  
M - l  3 . 3  . 5 0  . 2 5 0  
M - l  2 . 5  . 2 5  . 1 2 5  
M - l  4 . 0  . 3 8  . 3 3 0  
M - 2  2 .  5  . 7 5  . 1 2 5  
M - 2  3 . 5  . 5 0  . 1 2 5  
M - 2  2 . 2  . 3 8  . 1 2 5  
M - 3  2 . 0  . 5 5  . 2 5 3  
M - 3  3 . 0  . 5 0  . 1 2 5  
M - 3  2 . 3  . 7 5  . 2 5 0  
F - l  2 . 3  . 7 5  . 0 5 0  
F - l  2 . 0  . 7 5  
F - l  3 . 3  . 7 5  . 0 5 3  
F - 2  3 . 5  . 3 8  . 0 5 0  
F - 2  3 . 0  . 7 5  . 2 0 3  
F - 2  3 . 3  . 7 3  . 2 5 3  
F - 2  1 . 2  . 7 0  . 1 2 5  
F - 3  1 . 5  . 5 0  . 1 2 5  
F - S  3 . 0  . 5 0  . 2 5 3  
F - S  2 . 0  . 6 3  . 2 5 0  
N U T R I E N T  C O N T E N T  O F  X Y L E M  S A P  
K  M G  M N  N A  
.urr r TPDAV^/T T T7 D 
Z N  P 0 4  
T O T A L  
N I T R O G E N  
_ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _  
3 3 . 8  2 . 0 0  . 3 0  2 . 3 8  . 4 5 0  . 5 4 7  9 4 . 5  
2 9 . 0  1 . 2 8  . 3 0  1 . 0 0  . 1 2 5  . 5 4 7  8 4 . 0  
3 1 . 0  1 . 3 8  . 3 3  2 . 5 0  . 1 2 5  . 3 6 7  6 6 . 5  
8 2 . 5  1 . 8 8  . 2 0  . 9 5  . 2 0 0  . 3 5 3  3 5 . 0  
1 3 . 0  . 6 3  . 2 5  1 . 2 5  . 1 2 5  . 0 7 3  8  4 . 0  
3 3 .  3  1 . 6 5  . 3 0  5 . 0 0  . 5 5 0  .  5 6 3  6 6 . 5  
3  4 .  3  2 . 3 6  . 4 5  1 . 2 5  . 5 5 0  . 4 2 3  6 6 . 5  
3 0 . 0  2 . 1 3  . 3 0  2 . 0 0  . 7 0 0  . 7  4 7  5 6 . 0  
3 6 . 3  1 . 7 5  . 2 5  2 . 2 0  . 9 5 0  .  8 4 7  5 2 . 5  
3 4 .  8  2 . 0 6  . 3 0  1 . 2 C  . 5 0 0  . 7 2 3  8 4 . 0  
3 3 . 5  1 . 6 5  . 2 5  1 . 5 C  . 7 5 0  . 4 6 3  8 3 . 5  
3 2 . 0  1 . 9 3  . 3 0  1 . 7 0  . 2 5 0  . 7 2 0  5 6 . 3  
2 7 .  4  1 . 2 5  . 2 5  . 5 0  . 1 2 5  . 3 5 3  7 0 . 0  
3 5 . 3  2 . 2 5  . 6 3  1 . 0 C  . 2 5 0  . 6 7 3  7 0 .  C  
2 9 . 5  L . 2 5  . 3 8  2 . 7 5  . 1 2 5  . 3 0 3  8 4 . 3  
2 8 . 0  1 . 7 5  . 3 8  1 . 0 0  . 1 2 5  . 5 2 3  4 5 . 5  
2 9 . 8  1 . 3 1  . 2 5  1 . 0 0  . 2 0 0  . 4 2 3  4 5 . 5  
2 7 . 8  1 .  4 4  . 2 5  1 . 0 5  . 1 2 5  . 6 1 3  3 8 . 5  
2 7 . 3  2 . 2 3  . 6 3  . 5 0  . 1 2 5  . 4 3  7  4 5 . 5  
2 4 . 8  1 . 1 9  . 3 0  1 . 0 3  . 1 2 5  . 4 6 7  3 5 . 0  
2 8 .  5  1 . 1 3  .  2 0  1 . 9 5  .6.30 . 2 6 7  1 2 2 . 5  
2 3 . 5  1 . 1 3  . 2 5  1 . 7 5  . 5 0 0  . 1 5 3  7 0 . 0  
2 1 . 3  1 . 3 3  . 5 0  1 . 3 8  . 3 3 0  . 2 9 3  5 6 . 0  
1 9 . 5  1 . 6 9  . 5 0  2 . 0 5  . 7 5 0  . 6 1 3  6 6 . 5  
3 1 . 5  1 . 9 0  . 5 0  1 . 5 0  . 2 5 0  . 8 0 7  1 0 1 . 5  
1 6 . 5  L .  5 9  . 5 0  1 . 2 5  . 3 3 0  . 5 4 3  5 9 . 5  
1 7 . 5  . 8 1  . 3 8  . 7 5  . 3 3 0  . 2 0 3  1 C 5 . C  
2 7 . 0  1 . 0 6  . 4 5  •  C 5  . 1 2 5  . 3 8 7  8 7 . 5  
2 0 . 3  3 . 0 3  . 5 0  . 8 8  . 1 2 5  . 4 1 3  4 5 . 5  
1 5 . 0  . 8 8  .20 2.00 .200 . 3 4 3  1 1 2 . 0  
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APPENDIX 12 
Calculations Used in Data Manipulations 
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Calculations used in data manipulations. 
A. Determination of equivalent weights 
atomic wt of ion , , , . , , £ —= 1 equivalent weight of the ion valence of ion ^ 3 
1 milliequivalent weight = 1 equivalent weight expressed in mg 
Ca = 40.04/2 =20.02 mg/meq 
Cu = 63.54/2 = 31.77 mg/meq 
Fe = 55.847/2.5 = 22.34 mg/meq 
K = 39.102/1 = 39.10 mg/meq 
Mg = 24.305/2 = 12.15 mg/meq 
Mn = 54.938/2 = 27.47 mg/meq 
Na = 22.9898/1 = 22.99 mg/meq 
Zn = 65.37/2 = 32.69 mg/meq 
P04 = (30.9738 + (4 x 15.9994) )/3 = 31.66 mg/meq 
B. Conversion from micrograms/gram to meq/100 grams 
(micrograms/gram)/1000 = mg/q 
mg/g x 100 =' mg/100 grams 
(mg/100 grams)/(mg/meq) = meq/100 grams 
C. Determination of sapwood area : basal area ratio 
diameter inside bark = (DBH x 0.87428) + 0.09492 
b a s a l  a r e a  =  ( D I B / 2 x  - r r  
heartwood area = ((DIB - 2(sapwood thickness))/2) x IT 
sapwood area = basal area - heartwood area 
sapwood_area , 
basal area 
D. Determination of coarse fragment volume 
estimated % coarse fragments x soil volume = coarse fragment 
volume 
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APPENDIX 13 
Site Index Curves for Western Larch 
(From: The Forest Science Laboratory, U.S.D.A. 
Forest Service, Missoula, Montana) 
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Index Curves for Western Larch (Average height of dominant trees) 
SITE 
INDEX 
(Curves developed from unpublished 
research data, 50 year base) 
1 1  i  I . . )  i  i  I  I  i  i  i  i  i  i  
30 40 50 60 70 80 90 100 110 120 130 140 150 160 
AGE IN YEARS 
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APPENDIX 14 
1. Soil Nutrient Concentration (micrograms/gram). 
2. Soil Nutrient Availability per Square Meter (mil 1iequivalents). 
3. Soil Nutrient Availability per Hectare (kilograms). 
Soil Nutrient Concentration (micrograms/gram). 
SOIL NUTRIENT CONCENTRATION CMICROGRAMS/GRAM) 
SITS LAYER CA cu FE K MG MN NA ZN P04 N33 
(F?M 
s-i ANDIC 535.CO 0.90 4.00 34.64 53. 07 7.C9 24.71 0.33 96. 94 4.0 
S-i SUSS OIL a 7 S. 7 9 1.73 3.24 55.33 158.97 4.03 17.48 0.50 5.67 2.4 
3- 2 ASDIC 9 50.87 1.50 4.57 173.:: 57. 96 3.91 28.00 0. 43 55. 96 4.1 
s-: SU-.SJIL 757.-6 1. 54 1.64 54.11 93. 61 2. 24 17.68 0.35 2.19 3.4 
S-3 AN2IC 8J5.CO 1.61 4.30 132.53 45. 83 8.87 19.08 0.40 94.57 3.8 
S-3 SUETJ IL  634.b2 2.60 1. 49 42. 85 99. 50 3.41 16.79 0.37 1.47 2.1 
S-4 A1-Die 621.79 1. 5 J 3.57- 134.14 54.43 7. 57 14.43 0.35 116.54 2.3 
S-4 SVHS^IL 772 .wC 2.39 2.23 63.32 137.40 3.89 16. EC 3.36 3.77 1.  3  
V-1 A N L '  I  C  4  4  9 .5S  2. 42  4.7 3 95.21 29. 21 9. 46 26. 92 0.31 21.35 2.0 
H-l S J  ?  3  31L 65  R .18  3. 13 2.18 31.07 45. 07 3 .CO 13. 96 0 .53  2.95 2.1 
W- O A: :LUC 83 ? .3 8  1 .94  4.46 111.17 42.42 9.23 24. 53 0. 57 27. 26  2.3 
y-2 S L*: :  5  0  I  L  13  31 .43  2... 0 4 .0  4  28 .04  34 .  21  2 .58  19 .  46  0. 45 3 .47  2.3 y.-z ASDIC 475 .91  1. 94  3. 55 105.35 22. 41 10.05 23.00 0.43 11.22 2 .7  
M - 3 S 'J ;  SJ IL  6  4  3  .  . C  5  2.32 1. 25  33.13 67. 69  1  .69  19 .14  0. 51 3 .36  3 .1  
M.-4  AN J IC  7 :? .63  1. 37 1. 25  15 3.21 42 .  92  13. 76 36.12 0 .  BO 136.58 2 .7  
Y-4  S ' JVSCIL 9  4 3 .28  1. 77 1 .  03  33 .  31  112. 93 1 .  45  33.21 0 .45  2 .9  2  2 .  3  
y - 5 ANDIC 972 .F6  1. 19  1.9 3 15 5.36 37.14 8 .39  45 .03  0.36 2  8 .96  4 .  5  
y-5 su:SOIL 5  31 .43  1.63 1 .64  34 .11  66 .  54  1 .  35  12 .  75  0.28 4 .21  3 .6  
;sL'ic 2  i 2.  9 2  : .  2s 4 .3  4  171.67 31 .  25  9 .  39  20 .  13  0 .33  19 .35  3 .0  
C " _ r  *: T ' 2  3  4 . . ?  1 .  96  1 .0  5  22 . : ;  24 .  23 3.5: 12 .03  0.34 21.24 2 .4  
V-7 A S  L 1  I :  5  i  i  .  S 3  0.33 3 .32  15 4. 3 b 52.38 10.00 22 .54  3 .15  56 .  23  3 .  3  
w- 7 S 'J  : !£  U I  L  s :o. 1*45  L.SB 35.43 7e. 93 1.18  12 .  11  0 .  20 33 .56  2 .8  
H-?  A r i c 131;,vO 1 .21  4 .57  iei.29 42 .  00  9 .  21  18 .57  3 .10  23 .73  3 .5  
Y -  3  svnsn;. 7  9  4 .44  1.93 6.00 2°. 4" 52. 31 L •  1  4  11 .  52  0.25 16 .97  2 .  3  
F-L  AN «-•  I  C  7 :0 .C:  1 .20  3 .90  2 :3 .2 :  49 .  60  11 .  90  16 .  63  0 .  1 <j 125.58 3 .  4  
F -1 r  ' j  r  c  _  i  l  3  }  i  .  I  3  1. 37 1 .33  72 .S9  87 .  58  2 .13  11 .  61  0. 10  2 .94  2 .0  
F - 2 ;,.'n r 4  •  ^  .  V C  1 .36  4.31 235 .77  74. IS  4 .  96  15 .  3  3  3.3: 45 .79  2 .6  
F-2  S ' JSFOXL 1 .  77  1. 00 71 .26  80. 65 0. 50  12 .74  0 .25  5 .37  2.1 
F-2  A: ; : IC  6  7  ?  1 .59  4.14 105 .71  27 .93  7 .  S3  15 .  71  3.26 46.72 1 .  *  
Y-3  s j^ r i L 7 2 d . C 0 1. 93 1 .00  3 : . :  3  49 .  • ;0  0. ̂0 10.00 0 .10  4 .  30  2 .  3  
F-4  A .  I  C 151s.CO 1 .13  3 .62  113.90 44. 33 5.C8 2C.e7 0 .24  22.57 3.0 
F-4  S^SJIL  J.fC o.oc 0 •00 3.00 C . vU 0. 03 0 .03  3.CO 0.  3 c. 0 
F-5 AMMC 1174 .17  1. 41 5. 83 222 .33  47 .  GO 16. 75 13 .  17  0 .35  147.0 3 4.5 
C—C S ' .TSOIL 55: .to 1. 60  4.53 55.05 45.CC 3.CO 11 .00  0 .  33  22.70 3.8 
F-  6 ASDIC 725 .03  1 .  50 4 .33  133.33 29. 33 3 .  80  16. 33 0.43 14.10 2 .2  
F-6 5UF? :IL ?07 . I4  1 .90  1 .  C 0  2  5 . ? :  73 .  43  0 .50  11 .00  3.31 6 .70  3.0 
F — 7  v.nc 11  O 4  .  6  7  1.39 5 .73  161 .CO 50. 33 5.27 18 .  40  3.2 5 13 .69  2 .1  
F- ; 5  V L-  5  J  IL  133 5.:: 1 .65  2. 50 2  9 .82  105 .  46  1.75 11.13 0 .22  8 .16  2.1 
F-k; ASDIC 5 jJ. 75 1 .  C3 8.21 37 .5 ;  68 .  72  8 .  73  14 .  43  0 .24  31 .95  2.1 
F-6 SUBSOIL 895.cn 1.23 4.53 56.53 83.50 2.75 13.50 9.20 34.80 A.  •  w 
ro 
o 
ro 
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2. Soil Nutrient Availability per Square Meter (mil 1iequivalents). 
SOIL NUTRIENT AVAILABILITY PEP. SQCARE MSTiR (MXLLIEQUXVALZNTS) 
TOTA'U 
SITE LAVE:? .  CA CU FE K KG MN NA ZN P04  CATIONS N03 
_ ILLIEQUIVA LESTS/SQL'AP.E METER _ _ _ _ 
1
 
1
 
1
 
1
 
I
 
1
 
1
 
1
 
1
 
I
 
1
 
1
 r
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
t
 
1
 
»
 
l
 
l
 
I
 
1
 (  ??Y 
S-L AND IC 5189 .  29 .  355 .  715 .  4  2 .  175 .  2 .  5-31 .  650  5 .  3 .9  
5 -1  SL '?S ' J IL  56294 .  72 .  186 .  1914 .  1677 ' . .  1P8 .  975 .  20. 23" .  7  6  305 .  2 .4  
s-2 ANTT- 9851 .  13 .  42 .  902 .  9  = 9 .  30 .  253 .  3 .  367 .  12375 .  4 .1  
S-2  suiisaiL 43333 .  65 .  73 .  1477 .  6213 .  87. 821 .  11 .  74 .  51129 .  3 .4  
?-J AJTIC 13276. 17 .  63  .  371. .  1  253 .  137 .  275 .  4 .  997 .  15659 .  3 .3  
S-3  sunsoiL 40593 .  135 ,  85 ;  1  40 3  .  13  43  2 .  159 .  1046 .  14 .  59 .  53373 .  2 .1  
? -4  ANTIC 1.0934. n. 56. 1  23 3 .  1576 .  97 .  221 .  4 .  1295 .  141 r, 9. 2.3 
c _ 4 SUESLiIL 3 972.. 68. 101 .  1665. 11631 .  145 .  752. 11 .  122 .  54332 .  1 .3  
V.-1  ANTIC 650 2. 22 .  61. 73  5 .  697 .  100 .  339. 7 .  195. 6425. 2 .0  
y-1 SL'" .S3IL 3 5 4 4 5. 134 .  10  4 .  347 .  3956 .  117 .  643 .  19 .  99 .  41 223 . 2 .1  
V-2 A!*D LC 15957. 17 .  51. 771 . .  946 .  91 .  239 .  5. 234 .  *  ^ ! 3  7 .  2 .6  
V-3  sunseiL 51R^«.  75 .  204 .  1103. 3164 .  136 .  953 .  15. 124 .  67273. 2 .3  
V-3  AND: C 5  4  Q  5 .  17 .  43 .  733 .  SCO. 99 .  272 .  4 .  96 .  7161 .  2 .7  
l'- 3 39152. 88 .  63 .  1  32  3 .  6729 .  74. 10^6 ,  19 .  147 .  4 S 139 .  3 .1  
V -  4  ; !  N 1  C 9293. 11 .  15 .  1 3 27. 927 .  131 .  411 .  4. 1127 .  11315. 2 .7  
y . i  S 'J" 0 " L 43539 .  57 .  <6 .  1011. 9575 .  5S .  1439 .  14 .  92 .  63321. 2 .3  
V -  5 AN DIC 15C34.  12. 27 .  83  4 .  946 .  95 .  605 .  3 .  233 .  17553 . 4 .5  
v-5 ? ' JCSG:L 345C7.  62. 89 .  1343 .  6  53" . .  59 .  667 .  10 .  163 .  43413 .  3.6 
y - s  A N :• 1 c 3 3 tO . 13 .  43 .  1  3  4  4 .  61  2 .  BL.  209 .  2. 133 .  5356. •a m  ̂  
V-*.  SFBEOIL 9 (4° .  51 .  37 .  463 .  16 35. 15 .  433 .  9 .  552 .  12253. 2 .  4  
' J -7  ;» ;?  I  C 677? .  6. 31  •  915 .  993 .  84 .  227 ,  1 .  411 .  93-,:. 3l3 
¥  — 7  SC?;G:L 3! •• 3 9. 43 .  75 .  831 .  6144 .  41 .  495 .  6 .  1333  .  39274. 2 .3  
V-3  A D :  C 1  " i  • :  1  6  .  11. 61 .  1  3  s 5. 1 732. 133 .  241 .  1 .  224 .  22377. 3 .  5  
!•'_ -i S:V 5JIL 35214 .  54 .  241 .  6S-;. 4312 .  37 .  450. 6 .  432 .  4  C ?  6  3  #  2 .6  
r - \  A::DI ; I :T  - '5 .  ID. 43 .  1417 .  1133 .  120. 20 3. 1 .  1073 .  1  332!  .  3 .  4  
F-L  SIT. -  J>TR_ 24i?2. 62. 64 .  26?2. 13 J 6^. 11  4 .  727 .  4 .  13" . .  33114 .  2.3 
7 - 2  A N LI  I  C 13 5 99. 14 .  62 .  1635. 1973. se. 21" . .  3. 463 .  17605 .  2 .6  
7 - 2  SU3SJIL 30107. 66. 53 .  2153 .  7833 .  22 .  655. 9 .  231 .  40392 .  2 .1  
F-3  AN ;MC 11Sb6. 13 .  65 .  952 .  80  9 .  103 .  240 .  3 .  523 .  14342 .  3 .0  
F-3 S L !  r 5 CI L 14156 .  23 .  IS. 33 3 . 1  576 .  7 .  17? .  1. 53 .  16253 .  2.3 
F-4 JA JIC  59331. 27 .  84. 1965  .  2752 .  97 .  563 .  7 .  432 .  6 4f. 2\. 3 .  3  
SITS J IL  3 .  3 . 3  •  3. 3  •  0 .  £• .  j 1  "4 . 0  30  
F-5  ANOIC 15731. 12 .  73  •  1525 .  1037 .  164 .  154 .  3. 1246 .  13632. 4 .  5  
F-5  S L* f5 S u  IL 19£S7.  21 .  75 .  535 .  1552 .  46. 201 .  4 .  301 .  22313 .  3.3 
F-5  ANDIC 9315 .  12. 50  .  833 .  626 .  36 .  184 .  3 .  115 .  111C3.  2 .2  
F-b Sl'rSJIL 432 I >6.  6 4. 43 .  637. 6437 .  20 .  513 .  10 .  227 .  51113 .  3.0 
F-7 ANT :C  1 5737. 12 .  69 .  1123. 1121 .  52 .  217 .  2. 117. 13335. 2 .1  
R «  7 SLTE J  : L 6  3^12 .  63 .  131 .  BC • ) .  131 .1 .  74 .  563 .  8 .  301 .  753 5'-. 2 .1  
F-3 ANTIC 12303 .  14 .  168 .  1322 .  2536. 145 .  286 .  3 .  461 .  16526 .  2 .1  
F-8 SU3S3IL 15921 .  14 .  72 .  517 . .  2461 .  36 .  210 .  2 .  394 .  19232 .  1 .9  
r \5 
o -p* 
Soil Nutrient Availability per Hectare (kilograms). 
SOIL NUTRIENT AVAILABILITY ?£? HECTARE (KILOGRAMS) 
7C? AL 
SITE LAYS R CA C'J ? Z K *G *N SA ZS P34 N i
 
i
 t 
4 
I
 
1 
1 
1 
1 1 1 1 1 4 
1 1 
1 
t 
1 1 
1 
_ 
KILCGr.AXSmC-SSS- ...... » — —  
S-l AS? IC 934-3 1.3 5.9 :: . :• 78.1 10.4 36,4 0.6 147.7 12: :  ' j  
S-i SUB 5? TL 7199.2 13.6 27.5 455. c 1325.4 32.7 139. 3 3. 9 4 9. S 1552 • j  
S-2 A*;? IC 2523.9 3.9 12.4 444. 5 154. 5 11.3 73.2 1.3 168.3 2376 D 
S-2 SUB:-" 4C91.9 3.6 10.1 272. I  573.4 10.3 87.9 1.3 9. 3 8 41 4 
S-3 AVDIC 2C4 4.3 4. 1 io . :  259. 2 113.5 21.1 48.5 1.0 229.7 162 b 7 
S-3 S 'J i' 3,r> IL 4157.7 16.6 9.8 2° 3. 9 653.0 21.3 119.2 2.4 10.3 113? 2 
S - 4 A \ f I.C 2237.6 4. 9 13.5 503 . 130.7 *-  J  • - 50.7 1.2 436, 6 2526 3 
S - 4 S'^SC IL 3257.9 8. 9 9.2 26 5. - l  575.1 15. 4 71. 5 1.5 15. 5 St 2 4 
."-1 AN:: IC 1212.7 5. 6 10.2 19?. A 96.6 21.1 63.7 2.6 72.1 1547 *} 
M-l SUETS' tL 2C20.3 9.6 6.0 93. a 132.8 9.3 43.7 1.8  10. 1 4C 'J 
M-2 N1 IC 19^2.0 4. 9 10. 3- 245. 9 102.3 26.2 56. 6 1. 5 32. 3 i?:.4 4 
y-2 SUPS, IL 4319.7 8.3 15.3 153. 5 135.4 10.2 77.0 1.8 13.7 5V7 
M-3 AS: IC I3-4.1 7.0 14.7 360. 5 95.1 51.8 78.3 2.5 78.3 1975 
y-3 S u t i:' IL 3B24.6 14.4 7.7 20 2. o 396.8 10.5 119.1 3.0 23.4 1 l  
y- /, * L IC 2i'-i4, 8 4. 6 3.3 461. "3 171.2 93.3 112.6 2.1 501.1 l n 5 
1 CV" •-.! :L 7*. 35. 3 13.4 7.4 31:. 915.9 11.9 243.9 3.2 19.5 %i"'. 
y-s T C c  17 . 1 5. 3 17.6 795. 2 265. 3 233.1 225.9 2.2 832.7 3 :• S 
M-5 svs : - 7 L 247 5. 3 6.8 7.2 14". ; 27".3 3 . 8 5J. 3 1.1 17.5 5. •. 5 
y-6 ? . i '. • rC £ o *• . 3 3. 2 .0.1 40 3. 6 1') 4. 2 34. 5 46.5 1.1 15 4. 5 2 5?'r 
s'-5 C- 'J? i L <?0i.  1 7.6 3.9 3b. 4 9 3.1 1.3 46. 4 1.3 85.  1  4"? £ 
y-7 - '»•! I C 4534.9 6.0 36.4 986. 5 473.2 410. 0 119.4 4.2 1257.5 531" 1 
M-7 S *J 2 3 ! u 3 3 6 1.1 7. 4 9.1 182. 7 391.5 5.6 61.8 1 .0  171.3 *35 i  
y--i A \ C IC 2075.8 2.0 7.4 293. 7 67.6 14.6 10.  2 0.2 3 •=. 0 15 \ -• 7 
IL 1977.7 5.1 .15.6 77. 5 143.2 2.5 30.1 r, 3 43.2 i w - 3 
K-l i1 IC 1112.7 2. 2 5.4 31 J. J 7T. 3 14.", 27.4 0.2 159. 9 111 i  •j 
F ~ * surs IL 2171.4 6. 5 5.3 476. 41 5. 7 IT;. 4 53.1 0.5 21.2 7 
F-2 AN: I C 192*5. 1 3.1 9.9 4 " 3. 4 173.3 10.3 3o.l 0.7 99. 4 16 ik; 
F-2 S 'J ? c? • IL 15C 0.9 5.2 3-6 21.'. 23'"M 1.5 37.6 0.7 15. 9 4? 3 7 
F-3 >:;' I z 2'J 40.6 6. 0 I 6. 9 36 2. ; 12 5.5 94.0 56.1 1.4 19 3.2 1*3--; 
f-3 SUP-:' IL 1417.0 3.7 2.0 c ̂ 35.6 1.0 19.5 0.2 3. 4 2 :) 2 
F-4 i » ' A : l  .  IC 316?. 3 3.1 13.1 so; .  ) 11 i.l 29. 4 55. 7 1.5 168. 2 2171 7 
F- : s'iss IL 0.0 O.C C.O 0. 3 O.C C.O 0.0 0.0 •N ? 
F-5 AMUC 1402.5 1.9 7.4 212. 2 63 ! 7 28.3 17.4 0.5 187. 6 1C28 C 
F-5 SUBSOIL 995. 4 1.7 4.2 52. 47.1 3.1 11.5 0.3 23. 3 269 
F-5 AN? IC 1C25.5 2.1 5.2 136. 9 41.9 5.9 22. S 0.6 21.7 931 9 
F-5 5 »j *• c IL Ij70.3 3.2 1.7 42. 2 • ^ i  0.3 13.6 0.5 11. 1 2 44 n 
C »"*  « \'C IC 6:-:-.7 6.7 27.1 7 4). 2t>8.6 30. 4 69.6 1.3 50.7 r .  
F-7 SUli j1. IL 39o5.2 6.1 9.0 109. 2 33';. 3 6.5 41. 5 0.3 30.3 5 b i  3 
F-3 ASDIC 2253.6 3.5 23.4 299. 2 257.6 48.6 51.1 1.4 141.9 2905 0 
F-3 SUBSQ IL 1517.6 1.5 5.6 61. J 142.4 5.5 17.7 0.2 29.5 460 3 
ro 
o 
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APPENDIX 15 
Means and Standard Deviations of Soil Data 
208 
Means and Standard Deviations of Soil  Nutrient Concentrations 
(Micrograms/Oram, Parts per Million for Nitrate) 
Draimge 
Class 
Slow 
Moderate 
Rapid 
Andic Layer 
Drainage Classification A 
Standard Standard 
Subsoil  Layer 
Standard Standard 
Category Mean Devi ation Error Category Mean Deviati  cn Error 
Ca 674 176 71. .9 Ca 730 91. .4 37.3 
Cu 1, 5 0. ,58 0.  .24 Cu 2.  .2 0. .60 0.24 
re 4.0 0. .63 0. 26 Fe 2.  , 1 0, ,63 0.26 
K 123 34. ,6 14. ,1 K 47, .2 12. .4 5.1 
Hg 48. 8 10. .4 4.  .2 Mg 102 40.9 16.7 
Mn 7.  8 2.  2 0.9 Mn 3.0 1 .  ,1 0.44 
Na 22. 6 5.  1 2. .1 Na 16 .1 2.  .6 1.0 
Zn 0. 42 0. .22 0. .09 Zn 0, .39 0.  .13 0.54 
P°4 73. 7 35. ,2 14. .4 P 04 
8.3 12. ,5 5.1 
NO3 3. 3 0. ,9 0.  .4 NO3  2, .4 0.  .58 0.24 
Ca 763 345 130 Ca 685 285 108 
Cu 1. 5 0, .33 0,  .12 Cu 1, .9 0.  ,23 0.09 
Fe 3.  4 1.3 0. .12 Fe 2, .3 2.  0 0.75 
K 148 40. ,7 15. .4 K 37. .9 15. .8 6.0 
Mr 41. .9 16. .3 6,  .2 Mg 63 .5 29. ,4 11.1 
Mn 9.  ,3 2.  .6 0.98 Mn 1,  .3 0. .7 2.9 
Na 26. .1 10. .6 4 . 0  Na 17, .3 7, .8 2.9 
Zn 0. 37 0.15 0.06 Zn 0, .35 0,  .12 0.04 
P°4 73. ,7 35. .2 14. .4 P 04 
8, .3 7, .5 2.8 
NO3  3. 1 0. .68 0. .26 NO3  2, .7 0. .54 0.20 
Ca 834 269 110 Ca 779 258 105 
Cu 1. 3 0. .22 0. .09 Cu 1 .6 0. .28 0.12 
Fe 5.  4 1 .  6 0. .66 Fe 2,  .3 1 .  6 0.65 
K 152 53. .0 21. .6 K 44 .0 18. .9 7.7 
Mg 45. 5 15. .2 6.  ,2 Mg 74 .0 23. .4 9.5 
Mn 9.  ,0 4.  .7 1.  .9 Mn 1 .8 1. .1 0.44 
Na 15. 8 1. .8 0 -74 Na 11, .4 1. .2 0.48 
Zn 0. ,27 0. .11 0, .05 Zn 0, .21 0. .09 0.04 
P°4 63. 2 58. .4 23, .8 P°4 13. .3 12. ,7 5.2 
NO3  2. 9 0. .96 0.39 NO3  2, .5 0.  ,76 0.31 
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Means and Standard Deviations of Soil  Nutrient Concentrations 
(Micrograms/Gram, Parts per Million for Nitrate) 
Drainage Classification B 
Andic Layer Subsoil  Layer 
Drainage Standard Standard 
Class Ca togory Mean Devia t ion Error Mean 
Standard Standard 
Deviation F.rror 
Slow 
Moderate 
Rapid 
Ca 752 155 77.7 Ca 761 99. .9 50.0 
Cu 1.4 0.32 0.16 Cu 2.1 0. .36 0.18 
Fe 4.0 0.41 0.21 Fe 2.1 0. .80 0.18 
K 123 37.5 IS.8 K 53.9 8.  .4 4.2 
Mg 52.8 5.1 2.5 Mg 122 31. .2 15.6 
Mn 6.9 2.1 1.1 Mn 3.4 0.  .81 0.41 
Na 21.6 6.0 3.0 Na P.7 0. .83 0.41 
Zn 0.39 0.02 0.01 Zn 0.40 0. .07 0.35 
P°4 91.1 25.4 12.7 P 04 3.3 
1. .9 0.93 
NO3  3.6 0.84 0.42 NO3  2.4 0. .70 0.35 
Ca 745 303 87.5 Ca 689 265 76.5 
Cu 1.5 0.43 0.13 Cu 1.91 0.46 0.13 
Fe 3.8 1.2 0.36 Fe 2.0 1. .5 0.45 
K 146 39.8 11.5 K 38.8 16. .2 4.7 
Mg 41.9 14.1 4.1 Mg 67.5 27, .2 7.8 
Mn 9.1 2.4 0.70 Mn i .  5 0, • SI 0.23 
Na 23.6 8.9 2.6 Na 15.0 6. .5 1.9 
Zn 0.35 0.21 0.06 Zn 0.31 0, .16 0.05 
P 04 
46.2 41.9 12.1 P 04 
9.2 9. .7 2.8 
NO3  3.0 0.67 0.19 NO3  2.5 0, .49 0.14 
Ca 811 327 189 Ca 882 71. .7 41.4 
Cu 1.3 0.27 0.15 Cu 1.6 0. .35 0.20 
B'e 6.1 2.0 1.1 Fe 3.2 1. .9 1.1 
K 148 68.6 39.6 K 43.8 16. .6 9.6 
Mg 48.4 19.7 11.4 Mg 67.3 20, .0 11.5 
Mn 9.8 6.5 3.8 Mn 2.1 1, .4 0.80 
Na 14.6 1.6 0.92 Na 11 .8 1. .4 0.83 
Zn 0.34 0.10 0.06 Zn 0.27 0. .06 0.04 
K '4 64.4 72.1 41.7 P 04 
21.4 14, .1 8.1 
NO3  2.9 1.4 0.78 NO3 2.9 1, .0 0.58 
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Means and Standard Deviations of Soil  Nutrient.  Concentrations 
(Micrograms/Gram, Parts per Million for Nitrate) 
Land Type Classification 
Andic Layer Subsoil  Layer 
Land Type Standard Standard Standard Standard 
Class Category Mean Deviation Error Category Mean Deviation Error 
Ca 752 155 77.7 Ca 761 99.9 50 0 
Cu 1.4 0.  .32 0.16 Cu 2.1 0.36 0. .18 
Fe 4.0 0. ,41 0.21 Fe 2.1 0.80 0. .40 
K 123 37. ,5 18.8 K 53.9 8.4 4. .2 
Mg 52.8 5. .1 2.5 Mg 122 31.2 15. ,6 
Mn 6.9 2, ,1 1.1 Mn 3.4 0.81 0. .41 
Na 21.6 6.  .0 3.0 Na 17.7 0.83 0. .41 
Zn 0.39 0. .02 0-01 Zn 0.40 0/07 0. .04 
P 04 
91.1 25. .4 12.7 P 04 
3.3 1.9 0 .93 
NO 3.6 0. .84 0.42 NO, 2.4 0.70 0. .35 
Ca 691 337 119 Ca 702 255 90.2 
Cu 1.5 0.5 0.19 Cu 2.  ,0 0.51 0.18 
Fe 3.4 1.3 0.46 Fe 2 .  4 1.8 0.62 
K 135 33.9 12.0 K 32. . / 5.5 1.9 
Mg 37.5 9.5 3.4 Mg 61. .0 27.8 9.8 
Mn 9.9 1.6 0.58 Mn 1 .  6 0.81 0-29 
Na 27.1 9.0 3.2 Na 16. .8 7.4 2.6 
Zn 0.41 0.23 0.09 Zn 0 .  .38 0.14 0.05 
P 04 40.4 40.9 14.4 P 04 
11. ,1 11.6 4.1 
NO 3.1 0.74 0.26 NO 2,  ,7 0.50 0.18 
Ca 836 246 92.8 Ca 758 260 98.1 
Cu 1.4 0.  .20 0,07 Cu 1,  .6 0.  .26 0-10 
Fe 5.2 1.  .5 0.58 Fe 2, .1 1.  .5 0.59 
K 160 52. .5 19.8 K 47, .9 20. .1 7.6 
Mg 49.7 17. .8 6.7 Mg 74. o 21. ,5 8.1 
Mn 8.5 4, ,6 1.7 Mn 1.  .6 1.  .1 0.42 
Na 15.7 1.  .7 0.63 Na 11, .6 1.  .2 0.45 
Zn 0.28 0.  ,10 0.04 Zn 0.  .21 0.  09 0.03 
P 04 60.7 53. ,7 20.3 P 04 
12. .1 12. .0 4.5 
NO, 2.8 0.  00
 
CO
 
0 .33 NO 2,  .4 0.  .71 0.27 
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Moans and Standard Deviations of Soil  Nutrient Availabili t ies 
(Milliequivalents/Square Meter,  Parts per Million for Nitrate) 
Drainage Classification A 
Andic Layer Subsoil  Layer 
Drainage 
Class 
Slow 
Standard Standard 
Category Mean Deviation Error Mean 
Standard Standard 
Deviation Error 
Moderate 
Rapid 
Ca 8755 3101 1266 Ca 40671 8425 3439 
Cu 12 .8 6. .9 2.  .8 Cu 76. 2 24 .1 9 .9 
Fe 46 .5 14. .5 5.  ,9 Fe 106 40 .9 16 .7 
K 826 282 115 K 1348 402 164 
Mg 1038 335 137 Mg 9535 4518 1845 
Kn 76 .7 32. 6 13. , 3  Mn 123 53.1 21, .7 
Na 248 55. .7 22. .8 Ha 790 204 83, .2 
Zn 3.  5 2. 1 0.  ,85 Zn 13. .5 5.  3 2, .2 
P 04 628 425 173 P 04 
265 367 150 
Total Total 
Cations 11007 3608 1473 Cations 52661 13231 5402 
NO3 3, .2 0.  .89 0.  ,36 NO3  2. .4 0,  .58 0.  .24 
Ca 11042 5592 2114 Ca 37034 16079 6077 
Cu 13. .1 2.  ,9 1 . 1 Cu 64. .7 13. .0 4,  .9 
Fe 43. .6 17. ,5 6.  6 Fe 105 82. .4 31. ,1 
K 1069 350 132 K 1065 536 202 
Mg 991 •476 180 Mg 5694 2774 1049 
Mn 93. .6 22. ,0 8.  3 Mn 52. ,6 31. .5 11. .9 
Na 320 143 54. 0 Na 808 374 141 
Zn 3,  .1 1.  ,3 0.  51 Zn 11. ,9 4,  .6 1.  .7 
P 04 366 355 134 P 04 
251 186 70, .2 
Total Total 
Cations 13575 6075 2296 Cations 44834 17629 6663 
NO3  3. .1 0.  ,68 0.26 NO3  2 .7 0,  .54 0,  .20 
Ca 12507 2731 1115 Ca 30096 19319 7887 
Cu 13. ,0 2.  8 1.  1 Cu 40. ,7 23. .6 9.  ,6 
Fe 78. 3 44. ,9 18. 3 Fe 68. .0 37. .3 15. .2 
K 1155 260 106 K 935 878 358 
Mg 1218 698 285 Mg 542 7 4152 1695 
Mn 103 50. 7 20. 7 Mn 49. 5 39. 1 16. .0 
Na 214 46. ,0 18. 8 Na 398 235 96. .0 
Zn 2.  .5 0. 84 0. 34 Zn 4.  .8 3.  .5 1. .4 
P 04 
593 482 197 P 04 
235 124 50. .8 
Total Total 
Cations 15290 3052 1246 Cations 37019 22853 9330 
NO3 2 .  ,9 0. 96 0. 39 NO3 2. ,5 0.  .74 0. .30 
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Moans and Standard Deviations of Soil  Nutrient Availabili t ies 
(Milliequivalents/Square Meter,  Parts per Million for Nitrate) 
Drainage Classification B 
Andic Layer Subsoil  Layer 
Drainage 
Class Category 
Slow 
Mean 
S tandard 
Deviation 
Standard 
Error Ca tep.ory Mean 
S tandard 
Deviation 
Moderate 
Rapid 
Standard 
Error 
Ca 9813 3398 1699 Ca 44248 8040 4020 
Cu 12. .3 5.9 2, .9 Cu 77. ,5 18. .6 9,  .3 
Fe 46. .8 14.1 7, .1 Fe 113 49, .9 25 .0 
K 834 354 177 K 1590 186 93 .0 
Mg 1133 368 184 Mg 11777 3622 1811 
Mn 69. .0 38.6 19. 3 Mn 145 42. .5 21 .2 
Na 231 43.4 21 .7 Na 899 135 67 .7 
Zn 3.  ,3 0.96 0. .48 Zn 14. 0 4, .2 2 .1 
P 04 
790 433 216 P 04 
121 77, .3 38, .7 
Total Total 
Cations 12142 4060 2030 Cations 58861 11720 5860 
NO3  3. .5 0.83 0. .41 NO3  2. .4 0, .70 0. -35 
Ca 10689 4753 1372 Ca 35645 16338 4716 
Cu 13. , 3  4.4 I .  ,3 Cu 62. ,1 20, .7 6 .0 
Fe 48. 3 17.0 4. ,9 Fe 94. ,5 67, .4 19, .5 
K 1050 306 88. .2 K 1088 6 76 195 
Mg 974 371 107 Mg 6002 3114 899 
Mn 92. ,6 22.3 6.  .5 Mn 60. .1 38, .0 11, .0 
Na 289 117 33. ,8 Na 689 339 97, .8 
Zn 3.  .0 1.8 0. .52 Zn 10. ,1 5. .8 1. .7 
P°4 409 355 103 P 04 279 
277 79- 8 
Total Total 
Cati  ons 13159 5131 1481 Cations 43649 18260 5271 
NO3  3. 0 0.67 0.  .19 NO3  2. ,5 0. .49 0. .14 
Ca 12451 3209 1853 Ca 26368 14794 8541 
Cu 12. . 7 1.2 0. .67 Cu 33. 0 27. , 1  15. ,6 
Fe 96. 0 63.2 36. .5 Fe 65- 0 14. 8 8.  5 
K 1143 338 195 K 580 93. , 1  53. ,8 
Mg 1416 1034 597 Mg 3501 2628 1517 
Mn 115 69. 1 39. 9 Mn 34. 0 13. 1 7. 6 
Na 208 69.2 40. ,0 Na 308 178 103 
Zn 3.  0 0.0 0. 0 Zn 5.  3 4.  .2 2,  4 
P 04 
607 580 335 P 04 
307 83, .7 48.3 
To tal  Total 
Cations 15446 3906 2255 Cations 30894 17591 10156 
NO 2.  9 1.4 0. 78 NO.. 2.  9 0. .95 0. 55 
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Means and Standard Deviations of Soil  Nutrient Availabili t ies 
(Hill iequivalents/Square Meter,  Parts per Million for Nitrate) 
Land Type Classification 
Andic Layer Subsoil  Layer 
Land Type 
Class Category 
351 
Mean 
Standard 
Deviation 
Standard 
Error Category Mean 
Standard 
Deviation 
352 
355 
Standard 
Error 
Ca 9813 3398 1699 Ca 44248 8040 4020 
Cu 12. 3 5.9 2, .9 Cu 77 .5 18, .6 9,  ,3 
Fe 46. 8 14.1 7. 1 Fe 113 49. .9 25, .0 
K 834 354 177 K 1590 186 93, .0 
Mg 1133 368 184 Mg 11777 3622 1811 
Mn 69. .0 38.6 19 .3 Mn 145 42, .5 21, .2 
Na 231 43.4 21. . 7 Na 899 135 67 .7 
Zn 3.  .2 0.96 0.48 Zn 14, .0 4,  .2 2,  .1 
P 04 
790 433 216 P 04 
121 77. ,3 38, .7 
Total Total 
Cations 12142 4060 2030 Cations 58861 11720 5860 
NO3  3. .5 0.83 0, .41 NO3  2, .4 0.  .70 0.  .35 
Ca 9622 5395 1907 Ca 37020 14810 5236 
Cu 13.3 5.1 1, .8 Cu 66. 8 20 7 7.  3 
Fe 41. .9 16.7 5. .9 Fe 109 74. 3 26, .3 
K 927 224 79. .2 K 878 220 78.0 
Mg 832 200 70. .6 Mg 526 5 24 88 880 
Mn 97. ,6 15.3 5. .4 Mn 63. 0 34. ,7 12. ,3 
Na 324 131 46. 3 Na 768 364 129 
Zn 3.  ,4 2.1 0. ,73 Zn 12. ,4 5.  4 1.  ,9 
P 04 339 332 118 P 04 
332 325 115 
Total Total 
Cations 11862 5716 2021 Cations 44182 16430 5809 
NO3  3. 1 0.74 0.26 NO3  2. 7 0.  .50 0.  ,18 
Cn 12663 2527 955 Ca 3009 7 17636 6666 
Cu 13. 1 2.5 0.  ,96 Cu 4'+. 3 23. 6 8.  .9 
Fe 76. .0 41.5 15. 7 Fe 65. 9 34. 5 13. 0 
K 1230 311 118 K 1109 924 349 
Mg 1326 699 264 Mg 5772 3898 1473 
Mil 96.  4 49.3 18. 6 Mn 45. 6 37. 1 14. 0 
Na 214 42.0 15. 9 Na 435 236 89- 0 
Zn 2.  6 0-79 0.  30 Zn 5.  4 3.  6 1.  3 
P 04 
574 442 167 P 04 
230 114 43. 2 
Total Total 
Ca t ions 15621 2920 1104 Cations 37574 20914 7905 
NO3  2. 8 0.88 0.  33 NO3  2. 5 0.  70 0.  26 
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Means and Standard Deviations of Soil  Nutrient Availabili t ies 
(Kilograms/Heel are) 
Drainage 
_ Class 
Slow 
Andic Layer 
Category Mean 
Drainage Classification A 
Subsoil  Layer 
Standard Standard Standard Standard 
Deviation Error Category Mean Deviation Error 
Moderate 
Rapid 
Ca 2248 1276 521 Ca 4015 1740 711 
Cu 4.  . 3 1.7 0, .69 Cu 10 .8 3. .5 1.4 
Fe 14. .7 10.9 4.  .5 Fe 12 .0 7. 8 '3.2 
K 420 313 128 K 263 120 49-0 
Mg 184 147 60. .1 Mg 609 398 162 
Mn 83. .9 160 65, .0 Mn 16 .0 10. .0 4.1 
Na 65. ,3 29.4 12. .0 No 87. .2 36. 1 14.7 
Zn 1.  ,8 1.4 0. .56 Zn 2,  .0 1.  .1 0.43 
PO, 385 445 182 PO, 44, .4 64. .1 26.2 
4 
Total N 2600 1891 772 Total N 939 381 156 
Ca 2227 1363 515 Ca 3149 2102 794 
Cu 4.  ,3 1.7 0. 63 Cu 8.  .7 3.  .8 1.4 
Fo 10. .5 4.5 1. .7 Fe 8 .7 5.  .2 2.0 
K. 434 180 68. . 1 K 169 80, .1 30.3 
Mg 140 68.0 25. ,7 Mg 314 285 108 
Mn 66. ,5 78.5 29. ,7 Mn 6.  .4 4.  .4 1.7 
Na 84. .0 68.5 25.9 Na 86, .8 75. .5 28 5 
Zn 1. 5. 0.85 0. .32 Zn 1. .7 1. . 1  0.41 
255 299 113 P 04 
31. .5 25. ,9 9.8 
Total N 2193 844 319 Total N 565 267 101 
Ca 2434 1948 795 Ca 1906 1079 440 
Cu 3.  7 2.1 0. 86 Cu 3.  ,8 2.  1 0.87 
Fe 14. 4 9.4 3. 9 Fe 4.  .6 2.  ,7 1.1 
K 364 194 78. 9 K 133 170 69.3 
Mg 139 99.9 40. 8 Mg 202 158 64.7 
Mn 37. 0 31.5 12. ,9 Mn 4.  .6 3,  .7 1.5 
Ka 44. . 1 27.2 11. 1 Na 27, .8 18. ,0 7.4 
Zn 0. .90 0.53 0. 22 Zn 0 .42 0. .23 0.10 
P 04 
126 72.5 29. 6 P 04 
20. 8 9.  ,1 3.7 
Total N 2231 1796 733 Total N 451 268 110 
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Means and Standard Deviations of Soil  Nutrient Availabili t ies 
(Ki! ograras/l lecLare) 
Drainage Classification B 
Andic Layer Subsoil  Layer 
Drainage 
Class 
Slow 
Standard Standard Standard Standard 
Ca tegory Mean Devi ation Error Ca t  pgory Mean Deviation Error 
Ca 1935 695 348 Ca 4677 1731 865 
Cu 3.  .6 1.6 0. .78 Cu 11. .9 .  3.  .9 1.9 
Fe 10. ,5 3.4 1.  7 Fe 14. ,2 9.  ,0 4.5 
K 333 173 86. . 7 K 324 88. .8 44.4 
Mg 134 48.2 24. ,1 Mg 782 364 182 
Mn 18. ,1 9.0 4.  5 Mil 20.  .3 9.  ,5 4.8 
Na 52. ,2 15.3 7. 7 Na 104 30. .5 15.3 
Zn 0. 95 0.25 0. 13 Zn O .3 1. ,2 0.60 
P 04 
244 133 66. 6 P 04 
21. ,2 19. .2 9.6 
, 'otal  N 1933 626 313 Total N 1099 331 166 
Moderate Ca 2600 1733 500 Ca 2915 1700 491 
Cu 4.  7 1. .7 0. .49 Cu 7.  ,8 3.  §  2 0.  .9 
Fe 14. .1 9.  .4 2 .7 Fe 7.  .7 4.  .4 1. .3 
K 470 244 70. .4 K 176 118 34. , 1  
Mg 168 1)7 33. .9 Mg 302 231 66, .7 
Mn 86. .3 120 34. 5 Mn 6.  .5 4 0 1.  .1 
Na 78. , 7  55. 2 15. .9 Na 69. .3 60. .6 17. .5 
Zn 1. 7 1. .1 0 .33 Zn 1. 3 0. .96 0,  ,28 
P 04 293 383 111 P 04 38. .5 46. .8 13. .5 
Total N 2644 1704 492 Total N 574 266 76. 8 
Ca 1581 623 359 Ca 1294 269 155 
Cu 2,  ,5 0 87 0. .50 Cu 2,  , 1  0.93 0 .54 
Fe 12. ,3 9.  ,6 5.  .5 Fe 3.  8 2.0 1, ,1 
K 256 59. .0 34, .  1 K 51. ,9 9-4 5, .4 
Mg 121 119 68. .6 Mg 104 50.3 29. .0 
Mil 27. .8 21. ,4 12. 3 Mn 3.  1 2.4 1 .4 
Na 30. .4 18. . 1  10. CJ Na 15. 9 3.9 2. ,2 
Zn 0.  ,83 0.  ,49 0. .29 Zn 0- 33 0.15 0, .09 
P 04 117 85. .7 49. .5 P 04 21. 6 9.3 5, ,3 
Total N 1622 1112 642 Total N 338 125 72. 3 
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Means and Standard Deviations of Soil  Nutrient Availabili t ies 
(Kilograms/Hectare) 
Land Type Classification 
Andic Layer Subsoil  Layer 
Land Type Standard Standard Standard Standard 
Class Category Mean Deviation Error Category Mean Deviation Error 
351 Ca 1935 695 348 Ca 4677 1731 865 
Cu 3.  .6 1. .6 0. 78 Cu 11. 9 3.  .9 1.9 
Fe 10. ,5 3.  ,4 1. ,7 Fe 14. .2 9.  ,0 4.5 
K 333 173 86. .7 K 324 88. .8 44.4 
Mg 134 48. ,2 24. ,1 Ms 782 364 182 
Mn IS. .1 9.  .0 4.  .5 Mn 20. .3 9.  .5 4.8 
Na 52. ,2 15. 3 7.  .7 Na 104 30. .5 15.3 
Zn 0. .95 0.  .25 0. 13 Zn 2.  3 1. .2 0.59 
P°4  244 133 66. 6 P°4  21. 2 19. ,2 9.6 
Total N 1933 626 313 Total N 1099 331 166 
Ca 2427 1563 553 Ca 2962 2149 877 
Cu 4.8 1. 6 0. .56 Cu 8.  .3 2.9 1. .2 
Fe 13.8 10. 1 3. 6 Fe 8.  ,2 4.0 1. .6 
K 468 279 98. .6 K 150 87.4 35, .7 
Mg 172 137 48. .4 MR 326 310 126 
Mn 111 140 49. .7 Mn 6.  .2 3.8 1. .5 
Na 91.9 62. , 2 22. .0 Na 79. 9 81.0 33 .1 
Zn 2.1 '  1. ,2 0. .42 Zn 1. .5 0.94 0. .38 
P 04 
377 452 160 P 04 
C
O
 
.5 61.9 25, .3 
al  N 2700 1661 587 Total N 616 312 12 7 
Ca 2361 1788 676 Ca 1849 996 377 
Cu 3.  .6 1.9 0.  .74 Cu 4.0 2 .0 0,  .76 
Fe 13. ,8 8.8 3. .3 Fe 4.4 2. .5 0 .95 
K 379 181 68. .5 K 144 158 59. .6 
Mg 144 92.1 34. 8 Mg 207 145 54. .9 
Mn 33. ,2 30.5 11. ,5 Mn 4.1 3. ,6 1.  .3 
Na 42. .9 25.0 9,  ,5 Na 29.2 16, .9 6 .4 
Zn 0.  .87 0-49 0.  .19 Zn 0.46 0. .24 0.  .09 
P 04 
122 66.9 25. ,3 P 04 
20.1 8. .5 3. .2 
Total N 2143 1656 626 Total N 45] 245 92. .6 
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APPENDIX 16 
Means and Standard Deviations of Site Productivity Data 
1. Means and Standard Deviations of Site Tree Data. 
2. Means and Standard Deviations of Xylem Sap Nutrient Concentra­
tions (Milligrams/Liter). 
3. Means and Standard Deviations of Moisture Stress Measurements 
(MegaPascals). 
Means and Standard Deviations of Site Tree Data. 
Means arid Standard Deviations of Site Tree Data 
Classification Standard Standard 
System Division Category Mean Deviation Error 
Drainage Slow SA/BA 0, .42 0 .07 0 .01 
Class if  icat i  on IRI 12 .4 3,  .2 0, .49 
A OKI 19, .6 4.  , 7 0, .72 
SI 64, .3 7. .3 1,  .1 
Moderate SA/BA 0 .41 0, .08 0 .01 
IRI 13, .8 3 .3 0 .48 
ORI 16, .3 3. .2 0.  .46 
SI 68, ,6 7.  .4 1, .1 
Rapid SA/BA 0. .42 0. .07 0 .01 
IRI 13. .6 3.  ,6 0, .56 
ORI 15, .5 3,  .8 0, .58 
SI 67. .7 9.  .6 1, .5 
Dra inage 
Classification 
B 
Slow SA/BA 
IRI 
ORI 
SI 
0.44 
1 1 . 1  
21.4 
64.5 
0 . 0 6  
2 . 1  
3.9 
7.8 
0 . 0 1  
0.40 
0.74 
0.85 
Moderate SA/BA 
IRI 
ORI 
SI 
0.41 
13.f i  
16.4 
67.5 
0 . 0 8  
3.5 
3.3 
7.8 
0 . 0 1  
0.38 
0.37 
0.85 
Rapid SA/BA 
IRI 
ORI 
SI 
0.40 
15.2 
13.8 
67.9 
0 . 0 8  
3.2 
3.4 
11.5 
0 . 0 2  
0.70 
0.74 
2.5 
Land 351 SA/BA 0-44 0.06 0.01 
Type IRI 11.1 2.1 0.40 
Classification ORI 21.4 3.9 0.74 
SI 64.5 6.6 1.3 
352 SA/BA 0.40 0 08 0.01 
IPI 14.4 3.2 0.43 
ORI 15.9 3.2 0.43 
SI 67.4 8.3 1.1 
355 SA/BA 0.42 0.07 0.01 
IRI 13.3 3.7 0.52 
ORI 15.9 3.8 0.54 
SI 67.8 8.9 1.3 
SA/BA = Sapwood Area/Basal Area 
ORI = Outer Rings/2.54 cm 
IRI = Inner Ringa/2.54 
SI = Site Index 
Means and Standard Deviations of Xylem Sap Nutrient 
Concentrati ons (Mi 11i grams/Li ter). 
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Means and Standard Deviations of Xylom Sap Nutrient Concentrations 
Drai nage 
Class 
Slow 
Moderate 
Rapid 
(Mill  igraras/Li ter) 
Drainage Classification A Drainage Clas: si  f ication B 
Standard Standard Standard Standarc 
Category Mean Deviati  on Error Category Mean Deviat ion Error 
Ca 2,  .89 0 .87 0 .23 Ca 2 .82 0, .91 0.28 
Cu 0 .62 0, .28 0 .07 Cu 0 -69 0 .27 0.08 
Fe 0 .13 0, .10 0 .03 Fe 0 .10 0 .06 0.02 
K 34, .7 14, .9 3 -99 K 35 .5 16, .8 5.07 
Mg 1,  .71 0 .44 0 .12 Mg 1 .68 0 .45 0.14 
Mn 0.  .32 0.  .11 0 .03 Mn 0 .30 0/07 0 02 
Na 1.  .75 1, .11 0 .30 Na 1 .93 1. .16 0.35 
Zn 0.  .40 0.  27 0.  .07 Zn 0 .46 0, .29 0.09 
P 04 0.53 0. .21 0 .06 P 04 0 .51 0, .22 
0 07 
Total N 69. .0 15. .8 4 .22 Total N 70 .0 17.5 5.28 
Ca 2.  .59 0. .74 0, .23 Ca 2 .58 0, .76 0.18 
Cu 0. .65 0.  .16 0, .05 Cu 0 .61 0. .18 0.04 
Fe 0, .16 0.07 0, .02 Fe 0, .16 0,  .09 0.02 
K 25. ,2 5.  .44 1,  .72 K 26, .3 5.  ,17 1.26 
Mg 1.  .53 0.  .41 0, .13 Mg 1.49 0 .42 0.10 
Mn 0.  .41 0 12 0 .04 Mn 0 .39 0 .14 0.03 
Na 1.  .29 0. ,67 0, .21 Na 1 .25 0, . 66 0.16 
Zn 0.  .26 0. .20 0 .06 Zn 0, .29 0, .19 0.05 
P 04 0. ,49 0.  ,17 0. .05 P 04 0, .45 0 19 0.05 
Total N 62. ,7 25. .8 8.  .17 Total N 68, .1 24. .9 6.05 
Ca 2.  25 0. ,61 0.  .25 Ca 2,  .50 0.  .71 0.50 
Cu 0. .65 0. . 12 0. .05 Cu 0 .57 0,  .09 0.07 
Fe 0. ,13 0. .10 0. .04 Fe 0, .25 0. 00 0.00 
K 22. ,6 4.  91 2. .01 K 17. ,7 3.  ,75 2.65 
Mg 2.  ,26 2.  ,82 1.  .15 Mg 4.  .44 5.  ,04 3.56 
Mn 0. 35 0. 15 0.  ,06 Mn 0,  .35 0. .21 0.15 
Na 1. ,34 0. 76 0. .31 Na 1.  .44 0. ,79 0.56 
Zn 0. .33 0. ,21 0. ,09 Zn 0. .16 0. ,05 0.04 
P 04 
0. 31 0. 09 0. .04 P°4 0. .38 0. .05 0.04 
Total N 82. .3 30. 7 12. ,5 Total N 78. .8 47. 0 33.3 
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Means and Standard Deviations of Xylem Sap Nutrient 
Concentrations (Milligrams/Liter) 
Land Type Classification 
Land Type Standard Standard 
Class Category Mean Deviation Error 
351 
352 
355 
Ca 2. 82 0, .91 0. 28 
Cu 0, .69 0, .27 0. 08 
Fe 0, .10 0, .06 0, .02 
K 35, .5 16, .8 5. 07 
Mg 1. 68 0, .45 0. 14 
Mn 0, .30 0. 07 0. 02 
Na 1. 93 1. 16 0. 35 
Zn 0. 46 0. 28 0, .09 
P°4 0. 51 0 .22 0. 07 
Total N 70. 0 17. 5 5. 28 
Ca 2, .74 0. 69 0. 23 
Cu 0, .51 0, .17 0, .06 
Fe 0, , 20 0, .09 0. 03 
K 29. 1 2, .99 1. 00 
Mg 1. 62 0, .43 0. 14 
Mn 0. 37 0. 15 0. 05 
Na 1. ,17 0. 69 0. ,23 
Zn 0, .16 0, .06 0. 02 
PO4 0. 50 0, .15 0. 05 
Total N 54. 4 16. 7 5. 57 
Ca 2. 42 0. 77 0. 24 
Cu 0. 69 0. 12 0. 04 
Fe 0. 14 0. 09 0. 03 
K 22. 0 5. 47 1. ,73 
Mg 1. 97 2. 15 0. 68 
Mn 0. 40 0. 13 0. 04 
Na 1. ,36 0. 64 0. ,20 
Zn 0. ,37 0. 21 0. ,07 
P04 
0. ,40 0. ,20 0. ,06 
Total N 82. 6 26. ,6 8. 42 
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3. Means and Standard Deviations of Moisture Stress Measurements 
(megaPascals). 
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Means and Standard Deviations of Moisture Stress 
Measurements (MegaPascals) 
Classification Standard Standard 
System Divis ion Category Mean Deviation Error 
Drainage Slow Stress 1.52 0.69 0.13 
Classification 
A Moderate Stress 1.89 0.59 0.09 
Rapid Stress 2.03 0.42 0.07 
Drainage Slow Stress 1.24 0.32 0.08 
Classification 
B Moderate Stress 1.90 0.62 0.07 
Rapid Stress 2.09 0.29 0.07 
Land 351 Stress 1.24 0.32 0.08 
Type 
Classification 352 Stress 1.90 0.68 0.10 
355 Stress 2.00 0.41 0.07 
APPENDIX 17 
Precipitation Determination 
Precipitation: Runoff vs Elevation Zone (Map). 
Precipitation vs elevation (Graph) for the Quartz region 
of the Kootenai National Forest. 
(From the U.S. Forest Service, Kootenai National Forest) 
Precipitation: Runoff vs Elevation Zone (Map). 
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Figure 1. Precipitation: Runoff vs Elevation Zone 
Used to determine precipitation on the Kootenai National 
Forest. Zone 8 (Quartz Region) is applicable to the 
study sites. 
Canada 
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2. Precipitation vs elevation for the Quartz region of the 
Kootenai National Forest. 
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2. Precipitation vs elevation for the Quartz region of the Kootenai 
National Forest. 
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